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Description 

[0001] This invention relates to a method for the production of a hydrophilic resin having an acrylate as a main com- 
ponent thereof. More particularly it relates to a method for the production of a hydrophilic resin which has only a small 
5 residual monomer content and shows virtually no increase in the residual monomer content under varying conditions 
of use. 

[0002] The hydrophilic resin according to this invention can be produced easily and inexpensively and is excellent in 
quality and safety and, therefore, can be used as an absorbent resin and water-soluble resin in a wide range of appli- 
cations. 

10 [0003] The hydrophilic resins can be generally classified by their solubility in water into roughly two types, water-sol- 
uble resins and absorbent resins. 

[0004] Water-soluble resins are hydrophilic resins of the type which dissolve in water and are used, for example, as 
water treatment grade f locculants, oil drilling additives, food additives, and viscosity enhancers. 
[0005] The water-soluble resins which are known to the art include, for example, polysodium acrylate (JP-B-48- 
15 42,466 and JP-B-42-9,656), polyacrylic acid and polyacrylamide (JP-A-54-145,782 and JP-A-57-18.652), polymers of 
2-acrylamide-2-methylpropane sulfonic acid (J P-A-2- 173,108), partial hydrolyzate of polyacrylamide (JP-A-52- 
137,483). acrylic acid-acrylamide copolymer (JP-A-59-15,417), (meth)acrylic acid-itaconic acid copolymer (JP-A-58- 
91,709), and polyvinyl alcohol. 

[0006] Absorbent resins are water-insoluble hydrophilic resins of the type which absorb water and consequently 
20 undergo gelation and are widely used in the fields of agriculture and forestry and in the field of civil engineering as well 
as in the field of hygienic materials such as disposable diapers and sanitary napkins. 

[0007] The absorbent resins which have been heretofore known include, for example, partially neutralized cross- 
linked polyacrylic acid (JP-A-55-84,304, JP-A-55-1 08,407, and JP-A-55-133,413), hydrolyzate of starch-acrylonitrile 
graft polymer (JP-A-46-43,995), neutralized starch-acrylic acid graft polymer (JP-A-51 -125,468), saponified vinyl ace- 
25 tate-acrylic ester copolymer (J P-A-52- 14,689), hydrolyzate of acrylonitrile copolymer or acrylamide copolymer (JP-A- 
53-15,959) or cross-linked derivatives thereof, and cross-linked cationic monomer (J P-A-58- 154,709 and JP-A-58-154, 
710). 

[0008] Numerous compounds have been proposed as monomers for the production of these hydrophilic resins. From 
the viewpoint of the quality of the product and the cost of production, a partially or completely neutralized acrylate (here- 
to i natter referred to as "acrylate") is predominately used today. The acrylate type polymers which have acrylates as the 
main component of their monomers are produced today in large amounts for both absorbent resins and water-soluble 
resins and have been finding extensive utility in the fields of hygienic materials and foodstuffs. 

[0009] By the current technical standard, it is normal that the acrylate type polymers which are in wide use generally 
contain such a residual monomer as unaltered acrylic acid (or a salt thereof) in a concentration in the range of 500 to 
35 3,000 ppm. Thus, the desirability of decreasing the residual monomer content in the polymers has been finding enthu- 
siastic recognition. 

[0010] In these hydrophilic resins, particularly the absorbent resins used in sanitary materials, a lower the residual 
monomer content is required. In recent years, the prevailing demand is to lower the residual monomer content to below 
1 00 ppm. This decrease of the residual monomer content is particularly difficult to attain in the absorbent resins among 
40 the hydrophilic resins because the absorbent resins are hydrophilic resins of the type having a cross-linked structure 
and, therefore, more often than not have a neutral pH value. 

[0011] The absorbent resins having a cross-linked structure are not easily polymerized uniformly as compared with 
water-soluble resins. When absorbent resins fresh from polymerization are to be mixed with an additive to decrease the 
residual monomer content or with an organic solvent, a uniform mixture is not easily obtained because of the cross- 

45 linked structure of the polymers. Thus, a decrease of the residual monomer content in the absorbent resins has been 
extremely difficult to attain. Moreover, since acrylates are such that their polymerization velocities are lowered propor- 
tionately as their pH values approach neutrality, a decrease of the residual monomer content as a consequence of 
polymerization has been extremely difficult to attain in neutral acrylate type absorbent resins. 
[0012] Heretofore, in the field of macromolecular f locculants, for example, there has been an attempt at decreasing 

50 the residual monomer content in hydrophilic resins. Even now, numerous hydro-philic resins mentioned above as well 
as acrylate type polymers and absorbent resins are still the subjects of a study in a search for measures of decreasing 
the residual monomer content. 

[001 3] The techniques known to the art are broadly divided into the following six types (a) to (f): 

55 (a) Methods for lowering the residual monomer content by increasing the polymerization ratio of the polymer itself. 

The methods of this type include, for example, increase of the amount of polymerization initiator and the use 
of a composite initiator (JP-A-50-96,689), elevation of the reaction temperature, an increase in the polymerization 
concentration, lengthening the polymerization time, and the specification of aging conditions (JP-A-53-145,895), 



2 



EP 0 574 260 B1 



the two-stage addition of a polymerization initiator (JP-A-56-72,005). the exposure of a resin fresh from polymeri- 
zation to radiation (JP-A-63-43,930), and the irradiation of a resin fresh from polymerization with ultraviolet light 
(JP-A-62-260,906). 

(b) Methods for converting the residual monomer in the polymer into an extraneous derivative by use of an additive. 
5 The methods of this type include, for example, the subsequent addition of a primary or secondary amine (JP- 

A-50-40,649), the subsequent addition of sulfur dioxide (US-A-3,780,006), and the subsequent addition of an alkali 
metabisulfite (US-A-4,306,955). 

(c) Methods for extracting the residual monomer from the polymer. 

The methods of this type include, for example, the extraction by the use of a hydrophilic organic solvent (US- 
10 A-4, 794,1 16) and the supercritical extraction by the use of carbon dioxide. 

(d) Methods for treating the residual monomer with a micro-organism capable of decomposing the residual mono- 
mer 

The methods of this type include, for example, decomposition of residual acrylamide with a microorganism 
(US-A-4,742,114). 

is (e) Methods for volatilizing the residual monomer at elevated temperatures 

The methods of this type include, for example, volatilization of residual acrylonitrile at an elevated temperature 
(JP-A-54-11 9,588). 

[0014] The methods of (a), however, are actually such that since their effects in lowering the residual monomer con- 
20 tent are not sufficient, the residual monomer generally persists in a concentration of at least 0.03% and the self- 
crosslinking occurs and basic molecular weight of the hydrophilic resin are necessarily degraded by the harsh condi- 
tions during polymerization and the aftertreatment possibly to the extent of increasing the water-soluble content of the 
absorbent resin, lowering the gel strength, and impairing the physical properties of the resulting hydrophilic resin. 
[0015] Further, the two-stage addition of a polymerization initiator and the use of a large amount of initiator increases 
25 the possibility of the polymerization initiator persisting in the produced resin and consequently jeopardizing the safety 
of the produced polymer. 

[001 6] The methods of (b) and (c) are purportedly capable of lowering the residual monomer content to below 0.03%. 
However in (b), in addition to a complexed process, an additive used and the adduct formed of the additive with the 
residual monomer and in (c) the organic solvent such as methanol used for the extraction of residual monomer, never 
30 fail to persist in the hydrophilic resin. 

[0017] The effect of the method of (c) in lowering the residual monomer content in the resin, however, is limited 
because acrylates are not dissolved in such organic solvents as methanol. 

[0018] The method of (d) is not easily carried out on a commercial scale because of the use of a microorganism. 
Moreover, the use of the microorganism itself proves to be undesirable from the standpoint of safety. 
35 [0019] The method of (e) is observed at times to impair various physical properties by the elevated temperatures. 
Moreover, since the acrylate fails to volatilize even at elevated temperatures, this method can hardly be expected to 
attain an effective decrease of the residual monomer content 

[0020] More recently, in (f), the efforts directed to the reduction of the residual monomer content have revealed in the 
water-soluble unsaturated monomer as a matter deserving due attention before polymerization. The method embody- 
40 ing this knowledge has also been known to the art. 

[0021] The methods of this type already known to the art include polymerization effected by the use of an acrylate 
obtained by a specific method of neutralization (EP-A-0372706) and polymerization attained by the use of a monomer 
having a small heavy metal content (JP-A-3-31,306), for example. 

[0022] The method of type (f), however, are not sufficiently effective in lowering the residual monomer content. 

45 [0023] The methods of the various types cited above, however, are actually such that they not only fail to produce the 
required effect but also necessitate a complicated process and involve a sacrifice in productivity and physical properties 
and a large addition to the cost of production. Moreover, these methods only bring about an apparent decrease in the 
residual monomer content in the acrylate type polymer and are totally incapable of repressing the increase of the resid- 
ual monomer content which occurs subsequent to the polymerization as described hereinbelow. 

so [0024] We have found that in the acrylate polymer which is obtained by the conventional method, an unaltered mon- 
omer persists in such high concentrations as to fall in the approximate range of some tens of ppm to some thousands 
of ppm in addition to the residual monomer of the type generally known in the art. We have also found that even when 
the residual monomer content of the acrylate polymer is decreased apparently to a level of some hundreds of ppm, the 
residual monomer actually increases proportionately over a period of time. This increase over a period of time is partic- 

55 ularly conspicuous when the polymer is heated. 

[0025] When the acrylate polymer having an apparently small residual monomer content is required to undergo fur- 
ther heating or when it is used in an agronomic field for a long time or exposed to an elevated temperature such as, for 
example, hot water, it is natural to conclude that this use of the polymer is undesirable from the viewpoint of safety 
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because the residual monomer content is increased under such conditions of use. 

[0026] Concerning the production of the acrylate polymer, many techniques have been known to cross-link the sur- 
face region of the acrylate polymer for the purpose of improving the various physical properties thereof besides the 
mere operations of polymerization and drying. Particularly in the field of absorbent resins, various surface cross-linking 
5 agents and reaction conditions for surface cross-linking have been proposed because cross-linking near the surface 
region exerts numerous effects on the physical properties of the absorbent resin. 

[0027] The methods for surface cross-linking the acrylate polymer by the use of specific surface cross-linking agents 
heretofore known to the art include, for example, a method using a polyhydric alcohol (JP-A-58-1 80,233 and JP-A-61- 
1 6,903), a method using an alkylene carbonate (DE-4020780C), a method using glyoxal (JP-A-52-1 1 7,393), a method 

w using a polyvalent metal (JP-A-51-136,588, J P-A-6 1-257,235, and JP-A-62-7,745), and a method using a silane cou- 
pling agent (JP-A-61 -21 1,305, JP-A-61 -252,21 2, and J P-A-61 -264,006). The methods for surface cross-linking the 
resin under specific reaction conditions which have been hereto-fore known to the art include, for example, a method 
effecting the desired cross-linking by dispersing an absorbent resin in a mixed solvent consisting of water and a 
hydrophilic organic solvent (JP-A-57-44,617), a method effecting the cross-linking by dispersing an absorbent resin in 

is an inert medium in the presence of a specific amount of water (JP-A-58-1 1 7,222), a method effecting the cross-linking 
by establishing co-existence of an inorganic powder and water (US-A-45687308), and a method resorting to exposure 
of the polymer to an electromagnetic radiation (JP-A-63-43,930). 

[0028] The various methods thus proposed, however, are invariably incapable of sufficiently improving the various 
physical properties of the acrylate polymer by surface cross-linking. Thus, studies are still continuing to attain thorough 

20 improvement of the physical properties. 

[0029] WO90/1 5825 describes a method for producing a water-swellable polymer by polymerizing 80 to 1 00 mol% of 
a monocarboxylic acid such as acrylic acid in the presence of about 10 to 25% by weight, preferably about 10 to 15 % 
by weight of glycerol. In this reference piasticization can be achieved by adding glycerin into a monomer but beta- 
hydroxy propionic acid (salt) is not disclosed in any event. 

25 [0030] GB 2058801 describes a method for producing a low molecular weight polyacrylic acid by polymerizing an 
aqueous acrylic acid solution in the presence of acetic acid or propionic acid. By adding acetic or propionic acid into a 
monomer, low molecular weight polymer or polymer having narrow molecular weight distribution can be attained but 
beta-hydroxy propionic acid (salt) is not disclosed. 

[0031 ] In the process of studying an improvement of the surface cross-linking of the acrylate polymer, we have found 
30 the heretofore totally unknown fact that surface cross-linking markedly increases the residual monomer content in the 
acrylate polymer to a level in the approximate range of some tens of ppm to some hundreds of ppm and that the 
increase of the residual monomer content due to surface cross-linking accounts for a large proportion of the residual 
monomer content in the final product. 

[0032] In a hydrophilic resin of an acrylate polymer which does not easily allow a decrease of the residual monomer 
35 content and has the peculiar phenomenon of newly generating residual monomer or increasing the amount of already 
existent residual monomer in the polymer during manufacture of the resin or during use of the resin, this invention has 
an object of providing a method for the production of a hydrophilic resin having excellent physical properties, having 
only a small residual monomer content, and showing virtually no sign of generation or augmentation of residual mono- 
mer after polymerization. 

40 [0033] In a hydrophillic resin of an acrylate polymer which has various physical properties improved by cross- linking 
the surface region thereof, this invention has another object of providing a method for the production of a hydrophilic 
resin which has the surface region thereof cross-linked and is consequently able to have a noticeable effect in improving 
various physical properties and enjoys a notable decrease in the residual monomer content thereof. 
[0034] According to the invention, there is provided a method for the production of a hydrophilic resin having a low 

45 residual monomer content, which comprises polymerising a water-soluble unsaturated monomer containing 50 to 100 
mol % of an acrylate having a ratio of neutralisation in the range of 30 to 100 mol % and not more than 1,000 ppm of 
the amount of beta-hydroxy propionic acid and salts thereof. 

[0035] Preferably, the water-soluble unsaturated monomer contains 50 to 0 mol % of at least one unsaturated mono- 
mer selected from hydrophilic unsaturated monomers, and preferably contains not more than 300 ppm of beta-hydroxy 
so propionic acid and salts thereof. Preferably, the acrylate is at least one member selected from alkali metal salts and 
ammonium salts. Preferably, the alkali metal salt is at least one member selected from sodium salts and potassium 
salts. Preferably, the hydrophilic resin has a cross-linked structure. 

[0036] Preferably, the acrylate is an alkali metal salt and an ammonium salt and the absorbent polymer or a dry prod- 
uct thereof has been subjected to a heat treatment. The ammonium salt may account for 10 to 40 mol % of the acid 
55 group in the absorbent resin. Preferably, the temperature of the heat treatment is in the range of 150°C to 250°C. Con- 
veniently, the heat treatment is carried out at the step of drying the absorbent resin. 

[0037] The method may then include cross-linking the surface region of the resultant acrylate polymer by treating the 
polymer with a second cross-linking agent having in its molecular unit at least one group which reacts with the functional 
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group within the molecular unit of the polymer, thereby cross-linking the surface region. Preferably, the second cross- 
linking agent is at least one member selected from polyhydric alcohols, polyepoxy compounds, polyglycidyl com- 
pounds, polyamines, polyaziridines, polyaldehydes, polyisocyanates, polyoxazolines, alkylene carbonates, and polyva- 
lent metals. 

5 [0038] The invention may thus provide a hydrophilic acrylate polymer composition which contains 1 to 1 ,000 ppm of 
the amount of beta-hydroxy propionic acid and salts thereof and not more than 100 ppm of a residual monomer, and in 
which the neutralisation ratio of the carboxyl group is 30 to 100 mol %. Preferably, the acrylic acid salt polymer is an 
absorbent resin. Preferably, the content of beta-hydroxy propionic acid and salts thereof is 1 to 100 ppm. 
[0039] As a result of a diligent study made for the purpose of accomplishing the objects described above, we have 

10 ascertained the fact that a hydrophilic resin having a high residual monomer content and a hydrophilic resin in which 
the residual monomer greatly increases contain several 1000 ppm to 1% of p-hydroxy propionic acid (salt) as a trace 
element in addition to the residual monomer. We have also found that the p-hydroxy propionic acid content and the 
residual monomer content are related. 

[0040] As a means to solve the problem, we have taken note of the p-hydroxy propionic acid (salt) contained in a small 
15 amount in the acrylic acid (or salt thereof) monomer. This correlation has never drawn any attention to date. We have 
succeeded in solving the various problems mentioned above by adopting a measure to control the content of this trace 
element. This invention has been perfected as a result. 

[0041] The method of production contemplated by this invention has the following characteristic features (1) to (5). 

20 (1) The residual monomer content which has heretofore been decreased by a complicated treatment such as by 
the use of an additive with a resulting sacrifice in its properties, productivity, cost, and safety of the acrylate poly- 
mer, can now be decreased by a simple procedure. 

(2) Since the increase of the residual monomer content in the polymer during production is small, even when an 
elevated temperature is used in the process a polymer can be obtained with a high operational efficiency. Further, 

25 since the reaction can be carried out at high temperatures, a large number of physical properties superior in high 
absorption capacity of the polymer can be notably improved. 

(3) Since there is little possible generation and increase of the residual monomer content in the polymer during pro- 
tracted use or at an elevated temperature, the product enjoys a high level of safety under all conditions such as, for 
example, those involved in protracted agronomic use and in use at the elevated temperature of hot water. 

30 (4) The residual monomer content of the polymer can be decreased for the purpose of enhancing the properties of 
the polymer even with a small amount of catalyst or under mild polymerization conditions, and an acrylate polymer 
can be obtained with still better performance without sacrificing physical properties. 

(5) virtually no increase of the residual monomer content in the polymer is observed while the polymer is undergo- 
ing surface cross-linking treatment and the effect of the surface treatment can be also improved. 

35 

[0042] The acrylate polymer obtained as described above can be utilized extensively in various fields covering, for 
example, sanitary materials, foodstuffs, civil engineering, and agriculture. 
[0043] Now, this invention will be described more specifically below. 

[0044] For this invention, it is essential that the proportion of the acrylate in the water-soluble unsaturated monomer 
40 to be used for polymerization be in the range of 50 to 100 mol%. The term "acrylate" as used in this invention refers to 
the total of acrylic acid and an acrylate. 

[0045] Since the effects of this invention in lowering the residual monomer content of the polymer is produced propor- 
tionately as the proportion of acrylate in the water-soluble unsaturated monomer increases, the proportion of the acr- 
ylate in the water-soluble unsaturated monomer of this invention is preferably in the range of 70 to 100 mol%, more 
45 preferably in the range of 90 to 100 mol%. If the content of the acrylate is less than 50 mol%, the shortage of supply 
has the disadvantage in not only degrading the quality of the product and boosting the cost of production but also mak- 
ing it difficult to produce the effects of this invention and, depending on situation, increasing rather than decreasing the 
residual monomer content. 

[0046] It is also essential that the neutralization ratio of the acrylate which is used for the preparation of the water- 
50 soluble unsaturated monomer be in the range of 30 to 100 mol%. If this ratio is less than 30 mol%, the produced acr- 
ylate polymer possibly produces excessive acidity and suffers from an increase of the residual monomer content. Con- 
versely, if the ratio of neutralization exceeds 100 mol%, the produced acrylate polymer has the disadvantage of 
producing excessive basicity and an increase of the residual monomer content. 

[0047] The effect which the water-soluble unsaturated monomer used in this invention brings about in lowering the 
55 residual monomer content of the produced polymer is produced more noticeably when neutralization of the monomer 
is partial than perfect neutralization. When the water-soluble unsaturated monomer of this invention is used, the ratio of 
neutralization at which the residual monomer content is lowered as compared with the conventional method is prefera- 
bly in the range of 40 to 95 mol%, more preferably in the range of 50 to 85 mol%. The expression "ratio of neutralization 
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of the aery late" as used in this invention refers to the ratio of neutralization of the acrylate used for the preparation of 
the water-soluble unsaturated monomer or to the ratio of neutralization of the acrylate in the water-soluble monomer 
after this monomer has been mixed, as the situation demands, with other monomer. 

[0048] The water-soluble unsaturated monomer used for this invention contains 50 to 1 00 mol% of an acrylate having 

5 a ratio of neutralization in the range of 30 to 1 00 mol%. Optionally, it may use 0 to 50 mor% of a hydrophilic unsaturated 
monomer and/or a hydrophobic unsaturated monomer in addition to the acrylate mentioned above. 
[0049] As concrete examples of the hydrophilic unsaturated monomer which can be used optionally in an amount in 
the range of 0 to 50 mol%, acid group-containing hydrophilic unsaturated monomers such as methacrylic acid, maleic 
acid, maleic anhydride, fumaric acid, crotonic acid, itaconic acid, vinyl sulfonic acid, styrene sulfonic acid, 2-(meth)acr- 

10 ylamide-2-methylpropane sulfonic acid, 2-(meth)acryloyl ethane sulfonic acid, and 2-(meth)acryloyl propane sulfonic 
acid and salts thereof; nonionic hydrophilic unsaturated monomers such as acrylamide, methacrylamide, N-ethyl 
(meth)acrylamide. N-n-propyl (meth)acrylamide, N-isopropyl (meth)acrylamide, N.N-methyl (meth)acrylamide, 2- 
hydroxyethyl (meth)acrylate, 2-hydroxypropyl (meth)acrylate, methoxy poly-ethylene glycol (meth)acrylate, polyethyl- 
ene glycol (meth) -acrylate, vinyl pyridine, N -vinyl pyrrolidone, and N-acryloyl piperidine; and cationic hydrophilic unsatu- 

15 rated monomers such as N,N-dimethyl amino ethyl (meth)acrylate, N,N-di ethyl amino ethyl (meth)acrylate, N.N- 
dimethyl amino propyl (meth)acrylate, N.N-dimethyl amino propyl (meth)acrylamide, and quaternary salts thereof may 
be cited. One member or a combination of two or more members selected from the group of hydrophilic unsaturated 
monomers cited above may be used. Such an unsaturated monomer as methyl (meth)acrylate, ethyl (meth)acrylate, or 
vinyl acetate which forms a hydrophilic resin by hydrolysis of the functional group thereof may be used herein. 

20 [0050] Among other examples cited above of the hydrophilic unsaturated monomer which is used in an amount in the 
range of 0 to 50 mol% in this invention, methacrylic acid (salt thereof), 2-(meth)acryloyl ethane sulfonic acid (salt 
thereof), 2-(meth)-acrylamide-2-methyl propane sulfonic acid (salt thereof), methoxy polyethylene glycol (meth)acr- 
ylate, N,N-dimethylaminoethyl (meth)acrylate, and acrylamide prove to be particularly preferable. 
[0051 ] As concrete examples of the hydrophobic unsaturated monomer which is optionally used in an amount in the 

25 range of 0 to 50 mor%, styrene, vinyl chloride, butadiene, isobutene, ethylene, propylene, stearyl (meth)acrylate, and 
lauryl (meth)acrylate may be cited. The hydrophobic unsaturated monomer is used in an amount in the range of 0 to 50 
mol%, preferably 0 to 20 mol%, and more preferably 0 to 10 mol%. based on the total amount of monomers. 
[0052] The neutralization of the water-soluble unsaturated monomer containing 50 to 1 00 mol% of an acrylate having 
a ratio of neutralization in the range of 30 to 100 mol% may be carried out during the preparation of the water-soluble 

30 unsaturated monomer or during or after the polymerization. 

[0053] In this invention, for the preparation of the water-soluble unsaturated monomer containing 50 to 100 mol% of 
an acrylate having a ratio of neutralization in the range of 30 to 100 mol% as described above, it is essential that the 
produced water-soluble unsaturated monomer should contain p-hydroxy propionic acid and a salt thereof (hereinafter 
both collectively referred to simply as "p-hydroxy propionic acid") in an amount of not more than 1 ,000 ppm, based on 

35 the amount of the water-soluble unsaturated monomer. 

[0054] For this invention, the content of the p-hydroxy propionic acid in the water-soluble unsaturated monomer 
should be not more than 1 ,000 ppm, preferably not more than 500 ppm, and more preferably not more than 300 ppm, 
most preferably not more than 100 ppm, based on the amount of solids. 

[0055] The p-hydroxy propionic acid content of the order of 1 to 10 ppm is not particularly intolerable. The effort to 
40 lower the p-hydroxy proprionic acid content to below 1 ppm proves to be rather uneconomical. 

[0056] If the content of the p-hydroxy propionic acid in the water-soluble unsaturated monomer exceeds 1 ,000 ppm, 
the acrylate polymer to be obtained by polymerization of the water-soluble unsaturated monomer is at a disadvantage 
in that it has an unduly large residual monomer content and, while the polymer is undergoing the subsequent heat treat- 
ment or being used at an elevated temperature, the polymer produces the phenomenon of newly generating residual 
45 monomer or increasing the already existent residual monomer content and, while the acrylate polymer is undergoing a 
surface cross-linking treatment, this polymer prevents the surface cross-linking treatment from having the effect of 
improving various physical properties of the polymer. 

[0057] The reason for the association of the content of p-hydroxy propionic acid in the polymer with an increase of the 
residual monomer content or the generation and growth of residual monomer in the polymer after drying remains yet to 

so be determined. A forced inference is that since the sodium salt of p-hydroxy propionic acid has a melting point (1 43 °C), 
when the polymer obtained from the monomer containing much more p-hydroxy propionic acid and further since the 
acrylate polymer generates or increases a large amount of residual monomer even at a temperature lower than the 
melting point of the salts of p-hydroxy propionic acid, the p-hydroxy propionic acid in the acrylate polymer in the solid 
state is far more decomposable than the p-hydroxy propionic acid in its independent form or the p-hydroxy propionic 

55 acid possibly inhibits polymerization or promotes depolymerization of the acrylate polymer after the polymerization 
step. 

[0058] For this invention, the content of the p-hydroxy propionic acid in the water-soluble unsaturated monomer when 
polymerization is initiated is only required to be limited to below 1 ,000 ppm. The procedure used for the preparation of 
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the water-soluble unsaturated monomer of this description is not specifically limited. 

[0059] One typical example of the procedure for the preparation of this water-soluble unsaturated monomer is cited 
below. 

[0060] Acrylic acid is refined by distillation and then subjected to neutralization or put to use for the preparation of a 
5 monomer as soon as possible, specifically within a period of 24 hours, preferably 12 hours, and more preferably 6 
hours. In the process of neutralization, the refined acrylic acid, at least for a while, passes the state in which the ratio of 
neutral iza-tion exceeds 100 mol%. Then, the acrylic acid is used to adjust the ratio of neutralization at a prescribed level 
and when necessary a second monomer is added to obtain the monomer as the component for polymerization. As soon 
as possible the monomer thus obtained is subjected to polymerization, specifically within a period of 24 hours, prefer- 
red ably 1 2 hours, more preferably 6 hours, and particularly preferably 2 hours, after the preparation of the monomer. The 
acrylic acid fresh from the refinement by distillation is preferably kept at the lowest possible temperature, specifically 
below 30 °C, preferably between the solidifying point and 25 °C, until it is subjected to neutralization or put to use for 
the preparation of the monomer. The neutralization is preferably carried out at a low tempera-ture for a brief period. 
When the acrylic acid resulting from the distillation is left standing for a relatively long time, it is preferably kept in an 
15 anhydrous state. Further, the monomer which has been prepared ought to be stored at a tempera-ture in the range 
between the solidifying point thereof and 40 °C, preferably between 0 °C and 30 °C. If the storage temperatures of 
acrylic acid and the monomers are high, an amount of p-hydroxy propionic acid and the residual monomer sometimes 
increase, so it is not preferable. 

[0061 ] Acrylic acid is finally distilled and put to storage at an acrylic acid manufactory and subsequently shipped out. 

20 It takes at least four to five days and more generally some tens of days to some months before it is put to actual use on 
a commercial scale by the consumer. The monomer is prepared in a large amount at a factory and then put to storage 
in the plant. An average of not less than three days elapses after the preparation of the monomer is completed and 
before it is put to actual use. More-over, in preparation for the polymerization, the monomer required several hours for 
the deaeration treatment of and temperature adjustment. We have found that the amounts of p-hydroxy propionic acid 

25 and residual monomer increase proportionately as the time after the refinement of acrylic acid by distillation increases 
and the time after completion of the preparation of the monomer and before the monomer is put to polymerization 
increases. For the present invention, therefore, the monomer fresh monomer is preferably produced just after distillation 
in a short time, and also the monomer fresh from its preparation is preferably polymerized as soon as poss ible. 
[0062] Of the various methods which are available for neutralizing acrylic acid under the condition of causing the 

30 acrylic acid at least for a while to pass the state in which the ratio of neutralization exceeds 1 00 mor%, (1 ) the most con- 
venient method comprises keeping the system of neutralization reaction cooled and simultaneously gradually adding a 
acrylic acid to a fixed amount of basic substance. 

[0063] As another method which is available for the same purpose, (2) the method as disclosed in JP-A-2-209,906 
and EP-A-0372706 may be cited. The method comprises allowing the ratio of neutralization of the acrylate in the sys- 

35 tern of neutralization to remain below 100 mof% from the start of the neutralization, then causing the acrylate in the 
process of neutralization to pass the stage in which the ratio of neutral i-zation exceeds 100 mol%, and finally adjusting 
the ratio of neutralization to a level in the range of 30 to 100 mol%. The method of (1) sacrifices the velocity of neutral- 
ization and necessitates a low temperature for the decrease of p-hydroxy propionic acid. The method of (2) fails to 
attain a decrease of p-hydroxy propionic acid content with high operational efficiency so long as it uses the aforemen- 

40 tioned acrylic acid. 

[0064] From the standpoint of the various physical properties of the produced absorbent resin and the residual mon- 
omer remaining in the resin. This invention contemplates partially or wholly neutralizing such an acid radical -containing 
monomer as acrylic acid. 

[0065] The basic substances which can be effectively used for the neutralization of the monomer include ,for example, 
45 (hydrogen) carbonates and hydroxides of alkali metals, ammonia, and various amino acids such as alanine, and 
organic amines. Among other basic substances, sodium hydroxide and/or potassium hydroxide prove to be preferable 
and sodium hydroxide prove to be more preferable from the viewpoint of the various physical properties and a decrease 
of the residual monomer content. Further, if ammonia is used together with NaOH/KOH in the present invention, the 
residual monomer can be more highly decreased. The monomer may incorporate therein, urea as an ammonia precur- 
50 sor before it is polymerized. The gel polymer obtained from the partially neutralized monomer is not necessarily prohib- 
ited from being further neutralized during or after polymerization. When such a strong base as sodium hydroxide is used 
for the after neutralization, due attention must be paid to preclusion of the possible hydrolysis of cross-linking points. 
When the further neutralization is to be effected by the use of a polyester type cross-linking agent, such a weak base 
as ammonia or a hydrogen carbonate of an alkali metal is favorably used. 
55 [0066] In this invention, in order to more highly decrease the residual monomer, the proportion of an ammonium salt 
in the base to be neutralized mainly as an alkali metal salt and ammonium salt is in the range of 4 to 50 mol%, preferably 
10 to 40 mol%. The proportion of the alkali metal salt in the base is in the range of 10 to 96 mol%, preferably 20 to 80 
mol%. So long as these salts are within the relevant ranges mentioned above, the absorbent resin to be obtained entails 
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neither coloration nor the production of any harmful byproducts, suffers from only a small residual monomer content, 
and excels in various physical properties. The neutralization with an extremely small amount of a polyvalent metal salt 
constitutes in itself no alteration of the gist of this invention. Further, neutralization is carried by using together with 
ammonia, in order to decrease the residual monomer, the ranges specified above for the proportions of the relevant 

5 salts become highly significant when the gel polymer or a salt thereof is subjected to below mentioned near-treatment 
Thus, the salts may be in amounts below the lower limits of the ranges in the course of polymerization and then adjusted 
to the proportions falling within the limits prior to heat treatment. The adjustment of these proportions to the ranges 
mentioned above is conveniently effected preparatorily to polymerization. This particular timing of the adjustment is 
favorable in that it allows the effect of the surface treatment to be additionally enhanced. 

w [0067] This invention can obtain the absorbent resin by polymerizing and cross-linking the monomer; the p-hydroxy 
propionic acid content of which is not more than i ,000 ppm as mentioned above. 

[0068] The method to be adopted for the cross-linking treatment is not particularly discriminated by this invention. For 
example, a method which comprises polymerizing the monomer of this invention thereby obtaining a water-soluble resin 
and then cross-linking this resin in the presence of a cross-linking agent added to the resin during or after the polymer- 

15 ization, a method which effects radical cross-linking by the use of a radical polymerization initiator, and a method which 
effects radical cross-linking by the use of an electron beam may be cited. For the purpose of obtaining an absorbent 
resin of excellent quality with high operational efficiency, the procedure which comprises polymerizing the monomer to 
which a cross-linking agent has been added in a prescribed amount prior to polymerization and subjecting the resultant 
polymer to a cross-linking reaction simultaneously with or subsequently to polymerization proves to be particularly pre- 

20 f erred. 

[0069] As typical examples of the cross-linking agent used in the method which comprises polymerizing the monomer 
in the presence of a cross-linking agent added in a prescribed amount to the monomer in advance of polymerization 
and subjecting the resultant polymer to a cross-linking treatment either simultaneously with or subsequently to the 
polymerization, N.N'-methylene bis-acryl amide, (poly)ethylene glycol di(meth)acrylate, (poly)propylene glycol 

25 di(meth)acrylate, trimethylol propane tri(meth)acryiate, trimethylol propane di(meth)acrylate, (poly)-ethylene glycol 
di(p-acryloyloxy propionate), trimethylol propane tri(p-acryloyloxy propionate), poly(meth)allyloxy alkane. (poly)ethyl- 
ene glycol diglycidyl ether, ethylene glycol, polyethylene glycol, glycerin, pentaerythritol, ethylene diamine, and polyeth- 
ylene imine may be cited. The amount of the cross-linking agent to be used is generally in the range of 0.005 to 5 mol%, 
preferably 0.01 to 1 mol%, based on the amount of monomer. Among the cross-linking agents cited above, it is prefer- 

30 able to use essentially a polymerizing cross-linking agent which has two or more polymerizing unsaturated groups in 
the molecular unit thereof subject to the durability and absorption characteristics of the absorbent resin to be obtained 
and the convenience of handling of the hydrated gel during the course of production. 

[0070] When the monomer is to be polymerized as described above in this invention, although either bulk polymeri- 
zation or precipita-tion polymerization may be employed, from the viewpoint of the quality of the product and the ease 

35 of control of the polymerization step the monomer is preferably polymerized in the form of a solution. The solvent for the 
polymerization system has no particular restriction except for the sole requirement that it should be a liquid capable of 
dissolving the monomer. As concrete examples of the solvent, water, methanol, ethanol, acetone, dimethyl formamide, 
and dimethyl sulfoxide may be cited. Among other solvents which are available at all, water or an aqueous liquid proves 
to be particularly preferred. Although the concentration of the monomer in the solution may exceed that of a saturated 

40 solution, it is generally in the range of 20% by weight to of the concentration of a saturated solution, preferably in the 
range of 25 to 50% by weight. If the concentration of the monomer is unduly high, due attention should be paid to the 
avoiding of the otherwise possible degradation of various physical properties of the product. 

[0071] The monomer ready for polymerization may incorporate therein such water-soluble chain transfer agents as 
hypophosphites and salts thereof, thiols, and thiolic acid and salts thereof and such hydrophilic polymeric compounds 
45 as starch, cellulose, polyvinyl alcohol, polyacrylic acid, and cross-linked polyacrylic acid. Generally, the amount of a 
water-soluble chain transfer agent is within 5 parts by weight and that of a hydrophilic polymeric compound within 50 
parts by weight. 

[0072] The water-soluble unsaturated monomer having a p-hydroxy propionic acid content of not more than 1,000 
ppm which has been obtained as described above is then subjected to polymerization. Further, the water-soluble 
so unsaturated monomer after finishing control is preferably subjected to polymerization as short time as possible as men- 
tioned above. 

[0073] As typical examples of the method to be adopted by this invention for polymerization, radical polymerization 
using a radical polymerization initiator and polymerization using an active energy ray such as an ultraviolet light or an 
electron beam may be cited. In all these methods, radical polymerization by virtue of a radical polymerization initiator is 
55 preferred for the purpose of obtaining an acrylate polymer which excels in quality. 

[0074] By the use of the method of production according to this invention, the water-soluble unsaturated monomer is 
allowed to acquire improved polymerizability and a decrease of the residual monomer content can be obtained with a 
radical polymerization initiator used in a smaller amounts than normally required. Thus, the polymerization can be con- 
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trolled easily and the acrylate polymer can be produced with still better properties. 

[0075] The radical polymerization initiator used may be any of those known in the art. As typical examples of the rad- 
ical polymerization initiator which can be used effectively, persulfates such as potassium persulfate, ammonium persul- 
fate, and sodium persulfate; organic peroxides such as t-butyl hydroperoxide and cumene hydroperoxide; hydrogen 

5 peroxide; azo compounds such as 2,2'-azo-bis(2-amidinopropane) di hydrochloride; and chlorites, hypochlorites, eerie 
salts, and permanganates may be cited. Among other radical polymerization initiators cited above, it is preferable to use 
one or more members selected from the group consisting of persulfates, hydrogen peroxide, and azo compounds from 
the viewpoint of the quality of the produced acrylate polymer and decreasing of the residual monomer content. 
[0076] When an oxidizing radical polymerization initiator is used as the polymerization initiator in this invention, it may 

w be used in combination with a reducing agent to effect the reaction in the form of redox polymerization. As concrete 
examples of the reducing agent used for this purpose, (hydrogen) sulfites such as sodium sulfite and sodium hydrogen 
sulfite; thiosulfates such as sodium thiosulfate; dithionites; metal salts such as cuprous sulfate and ferrous sulfate; 
organic reducing agents such as L-ascorbic acid; and amines such as aniline and monoethanol amine may be cited. 
[0077] The radical polymerization initiator may be added all at once or gradually added to the polymerization system. 

15 The amount of the radical polymerization initiator to be used is generally in the range of 0.001 to 2 mol%, preferably 
0.01 to 1 mor%, based on the amount of the water-soluble unsaturated monomer. 

[0078] The radical polymerization for the production of the acrylate polymer may be performed by any of the known 
techniques. As typical examples of the method of radical polymerization, various forms of aqueous solution polymeri- 
zation such as cast polymerization performed in a molding frame (JP-B-48-42,466), polymerization to be performed on 

20 a belt conveyor (JP-A-58-49,71 4), polymerization performed on a finely divided hydrogel polymer (JP-A-57-34,101 , US- 
A-4625001 and US-A-5124416), and polymerization performed under pressure (JP-A-2-129,207), reversed-phase sus- 
pension polymerization (JP-B-59-37,003), reversed-phase emulsion polymerization (JP-A-63-90,510 and JP-A-63- 
90,537), polymerization of a monomer complexed with a f brous substrate (JP-A-2-242,975), precipitation polymeriza- 
tion (JP-A-58-84,819. JP-A-1 -1,710, and JP-A-1 -204,910), and bulk polymerization may be cited. 

25 [0079] When the water-soluble unsaturated monomer is polymerized in the form of a solution, the acrylate polymer 
resulting from the polymerization may be put to use in its unmodified form. However, it is, preferably used in a dried form 
for the purpose of enhancing its convenience of handling and decreasing the residual monomer content. 
[0080] The drying of the acrylate polymer in this invention may be carried out by any of the methods of drying known 
to the art. For example, a method which comprises polymerizing a monomer at a high concentration thereby simulta- 

30 neously effecting the drying and polymerization by virtue of the heat of polymerization (JP-A-58-71,907 and JP-A-2- 
34,607) may be adopted. The produced gel polymer may be further dried, depending on the solids content of the pro- 
duced polymer. 

[0081 ] The methods which maybe effectively used for the further drying of the gel polymer include, for example, drying 
under conditions of high humidity (JP-A-1 -26, 604), azeotropic dehydration in an organic solvent, drying by means of 
35 microwave, drying using a belt or a drum drier heated to a prescribed temperature, drying in a cylinder furnished with a 
high-speed rotor (JP-A-2-240,112), and drying by the use of a forced draft oven, an infrared ray. or a vacuum drying 
device. 

[0082] The temperature for drying the gel polymer in this invention is generally in the range of 70° to 300°C, preferably 
1 1 0° to 260°C, and more preferably 1 50° to 250°C. If this temperature is less than 70°C, the drying takes an unduly long 

40 time. If the temperature exceeds this range, decreasing effect of the residual monomer by using the momers in accord- 
ance of the present invention is difficult to occur. Particularly when the acrylate polymer is an absorbent resin, the drying 
performed at a temperature in the range of 110° to 260°C, preferably 150° to 250°C is preferred in that not only the 
reduction of residual monomer but also the absorption ratio is enhanced. The time for the drying operation is suitably 
decided by the water content and the particle diameter of the gel polymer and the temperature of drying. It is generally 

45 in the range of one minute to 10 hours, preferably 10 minutes to five hours. 

[0083] The drying performed at an elevated temperature has been heretofore found to be preferable from the stand- 
point of operational efficiency. However, it has involved an increase in the residual monomer content. In the process of 
searching for the cause of this increase in the residual monomer content, we have found this increase in the residual 
monomer content occurs while the drying is in process. Thus, the problem of the increase in the residual monomer con- 

so tent has been solved. To be specific, the use of the water-soluble unsaturated monomer according to this invention ena- 
bles an acrylate polymer having only a small residual monomer content and excellent physical properties such as 
excellent absorption capacity to be obtained without reference to the temperature of drying and the time for drying. 
[0084] Further, ammonia is used for neutralization, it is preferred that the polymer is subjected to heat treatment in 
order to decrease the residual monomer content. 

55 [0085] The state to be assumed by the polymer prior to heat treatment is not particularly discriminated by this inven- 
tion. For example, the polymer may be in the form of a gel fresh from polymerization, a dispersion in an organic solvent, 
or a dry solid. The solids content of the polymer prior to heat treatment may be kept at a constant level or may be 
increased by vaporizing the solvent. For example, specifically, in regard to the timing for carrying out the heat treatment, 
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the step of drying, the step of surface cross- linking, the step of reheating after drying, the step of pelletizing, and the 
step of using additives may be cited. The heat treatment which is performed at the step of drying at the above men- 
tioned temperature proves to be particularly preferred. Specifically if the gel polymer of this invention is an absorbent 
resin, the enhancement of the absorption ratio and the notable decrease of the residual monomer content are accom- 

5 plished by drying the gel polymer at the temperature mentioned above and subjecting it to heat treatment. The method 
adopted for the drying is not particularly discriminated by this invention. Such known methods of drying as hot air dry- 
ing, infrared ray drying, and azeotropic dehydration are concrete examples. Further, when ammonia is used together, 
ammonia used for neutralization apt to volatile at heat treatment, it is necessary to pay attention to odor during a proc- 
ess and control of properties of the polymer along with decrease of neutralization ratio. 

10 [0086] The absorbent resin freshly polymerized or dried may incorporate therein such additives as a surfactant, an 
inorganic fine powder, and a (hydrogen) sulfite. It may be otherwise pulverized or pelletized for the purpose of adjust- 
ment of particle size. When a powder absorbent resin is to be obtained, the absorbent resin particle size is adjusted to 
an average particle diameter in the range of 10 to 1 ,000 \irr\ t more preferably 100 to 1 ,000 *im, and most preferably 300 
to 600 jutm. 

15 [0087] The acrylate polymer having a cross-linked surface region which is provided by this invention can be obtained 
by cross-linking the surface region of the acrylate polymer which has been produced by the method described above. 
[0088] When the acrylate polymer which is obtained from a water-soluble unsaturated monomer having a p-hydroxy 
propionic acid content of not less than 1 ,000 ppm is used as the acrylate polymer intended to be furnished with a cross- 
linked surface region, the surface cross-linking induces an increase in the residual monomer content and exerts an 

20 adverse effect on the safety of the product. 

[0089] As respects the water content of the acrylate polymer used in this invention, though the acrylate polymer result- 
ing from the polymerization may be put to use in its undried form, it is generally preferred to use the acrylate polymer 
in its dried form from the standpoint of the effect of the surface cross-linking. To be specific, the acrylate polymer which 
has a cross-linked surface region is preferably dried until the water content thereof falls below 40%, preferably below 

25 30%, and more desirably below 10%. 

[0090] Regarding the particle size of the acrylate polymer to be used in this invention, preferably the average particle 
diameter is in the approximate range of 10 to 2,000 jam, more preferably 100 to 1,000 urn, and most preferably 300 to 
600 urn. The particle size distribution of this acrylate polymer is preferred to be as narrow as possible. 
[0091 ] The acrylate polymer used herein may be a water-soluble resin. The effect of the surface cross-linking of this 

30 invention brought about in improving various physical properties of the polymer is produced more noticeably in the acr- 
ylate polymer in the form of an absorbent resin. 

[0092] The second cross-linking agent used for cross-linking the surface region of the acrylate polymer in this inven- 
tion may be any of the known cross-linking agents which generally find extensive utility in numerous applications. As 
concrete examples of the second cross-linking agent, polyhydric alcohols, polyepoxy compounds, polyglycidyl com- 

35 pounds, polyamines, polyaziridines, polyaldehydes, polyisocyanates, polyoxazolines, alkylene carbonates, and polyva- 
lent metals may be cited. The compounds which have such functional groups are other examples. 
[0093] TTie polyhydric alcohols which may be effectively used include, for example, ethylene glycol, diethylene glycol, 
triethylene glycol, tetraethylene glycol, polyethylene glycol, propylene glycol, 1,3-propane diol, dipropylene glycol, 
2,2,4-trimethyl-1,3-pentadiol, polypropylene glycol, glycerol, polyglycerol, 2-butene-1 ,4-diol, 1 ,4-butane diol, 1,5-pen- 

40 tane diol, 1 ,6-hexane diol, 1 ,2-cyclohexane dimethanol, 1 ,2-cyclohexanol, trimethylol propane, diethanol amine, trieth- 
anol amine, polyoxy propylene, oxyethylene-oxypropylene block copolymer, pentaerythritol, and sorbitol. 
[0094] Trie polyepoxy compounds which may be effectively used include, for example, ethylene glycol diglycidyl ether, 
diglycerol polyglycidyl ether, polyglycerol polyglycidyl ether, propylene glycol diglycidyl ether, and polypropylene glycol 
diglycidyl ether. 

45 [0095] The polyamines which may be effectively used include, for example, ethylene diamine, diethylene triamine, tri- 
ethylene tetramine, tetraethylene pentamine, pentaethylene hexamine, and polyethylene imine. 
[0096] The polyaziridines which may be effectively used include, for example, 2,2-bis-hydroxymethyl butanol tris(3-(1 - 
aziridinyl) propionate), 1,6-hexanemethylene diethylene urea, and diphenyl-methane-bis^^-N.N'-di ethylene urea. 
[0097] The polyaldehydes which may be effectively used include, for example, glyoxal and glutar aldehyde. 

so [0098] The polyisocyanates which may be effectively used include, for example, 2,4-tolylene diisocyanate and hex- 
amethylene diisocyanate. 

[0099] The polyoxazolines which may be effectively used include, for example, 1 ,2-ethylene bis oxazoline and polyiso- 
propenyl oxazoline, for example. 

[0100] The alkylene carbonates which may be effectively used include, for example, 1 ,3-dioxolan-2-on, 4-methyM ,3- 
55 dioxolan-2-on, 4,5-dimethyl-1 ,3-dioxolan-2-on, 4,4-dimethyM ,3-dioxolan-2-on, 4-ethyl-1 ,3-dioxolan-2-on, 4- 
hydroxymethyl-1,3-dioxolan-2-on, 1,3-dioxan-2-on, 4-methyl-1,3-dioxan-2-on, and 4,6-dimethyl-1,3-dioxane-2-on. 
[0101] The haloepoxy compounds which may be effectively used include, for example, epichlorohydrin, epibromohy- 
drin, and a-methyl epichlorohydrin. 
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[0102] The polyvalent metals which may be effectively used as a surface cross-linking agent herein include, for exam- 
ple, hydroxides and chlorides of zinc, calcium, magnesium, aluminum, iron, and zirconium. 

[0103] As the cross-linking agent for use in this invention, it is preferable to adopt one member or a combination of 
two or more members selected from the group of cross-linking agents mentioned above. In the light of the effect of sur- 
5 face cross-linking, it is preferable to use as the cross-linking agent one member or a combination of two or more mem- 
bers selected from the group consisting of polyhydric alcohols, polyglycidyl compounds, poly-amines, and alkylene 
carbonates. Particularly from the viewpoint of not only the effect of surface cross-linking but also the safety and cost, it 
is most preferable to use a polyhydric alcohol as the surface cross-linking agent. 

[0104] The amount of the surface cross-linking agent to be used in this invention, although variable with the type of 
10 cross-linking agent used, is generally in the range of 0.001 to 20 parts by weight, preferably 0.01 to 1 0 parts by weight, 
based on 100 parts by weight of the solids of the acrylate polymer obtained by this invention. So long as this amount is 
in the range just mentioned, the acrylate polymer having a cross-linked surface region can be obtained with excellent 
physical properties. If the amount of the surface cross-linking agent to be used exceeds 20 parts by weight, the excess 
not merely impairs the economics of the production but also constitutes in itself an extravagance for accomplishing the 
15 proper effect of cross-linking. If this amount is so small as to fall short of 0.001 part by weight, the surface cross-linking 
does not easily bring about an improvement of the various physical properties. 

[0105] In this invention, water may be used in mixing the acrylate polymer with the cross-linking agent. In this inven- 
tion, the amount of water to be used is not more than 20 parts by weight, preferably in the range of 0.5 to 10 parts by 
weight, based on 100 parts by weight of the solids of the acrylate polymer, depending on the type, particle size, and 

20 water content of the acrylate polymer. 

[0106] In this invention, a hydrophilic organic solvent may be used in mixing the cross-linking agent and the acrylate 
polymer. The hydrophilic organic solvents which may be effectively used include, for example, lower alcohols such as 
methyl alcohol, ethyl alcohol, n-propyl alcohol, isopropyl alcohol, n-butyl alcohol, isobutyl alcohol, and t-butyl alcohol; 
ketones such as acetone; ethers such as dioxane and tetrahydrofuran; amides such as N,N-dimethyl formamide; and 

25 sulfoxides such as dimethyl sulfoxide. Though the optimum amount of the hydrophilic organic solvent used in this inven- 
tion varies with the type and particle size of the acrylate polymer, it is generally in the range of 0 to 10 parts by weight, 
preferably 0 to 8 parts by weight, based on 100 parts by weight of the solids of the acrylate polymer. 
[0107] In this invention, the acrylate polymer and the cross-linking agent (and water/hydrophilic organic solvent) may 
be mixed either in a non-dispersed system or in a dispersed system. 

30 [0108] The mixture of the acrylate polymer with the cross-linking agent in the non-dispersed system is effected, for 
example, by such a method as disclosed in DE-A-4020780. This method comprises directly spraying the cross-linking 
agent or the mixed liquid of the cross-linking agent and water and/or a hydrophilic organic solvent onto the acrylate pol- 
ymer or adding it dropwise thereto. When water is used in the mixture effected in the non-dispersed system, the mixing 
may be performed in the presence of an inorganic compound or incorporating a surfactant for the purpose of ensuring 

35 uniform dispersion of the cross-linking agent in the produced mixture (US-A-4587308 and EP-A-0509706). Optionally, 
the incorporation of water in the process of mixing may be carried out in the form of steam (J P-A- 1-297, 430). 
[0109] As concrete examples of the method for mixing the acrylate polymer with the cross-linking agent in the dis- 
persed system, a method which comprises dispersing the acrylate polymer in a hydrophilic organic solvent (JP-A-57- 
44,627) and a method which comprises dispersing the acrylate polymer in a hydrophobic solvent (JP-A-59-62,665) may 

40 be cited. The surface cross-linking treatment in the dispersed system is also preferably carried out in the presence of a 
prescribed amount of water (JP-A-58-1 17,222). 

[0110] After the acrylate polymer has been mixed with the cross-linking agent in the non-dispersed system or dis- 
persed system, the resultant mixture is further heated to have the surface region thereof cross-linked, depending on the 
type of cross-linking agent. Generally, it is desirable to heat-treat this mixture for the purpose of promoting the cross- 
45 linking reaction and, at the same time, volatilizing the organic solvent and water which have been added optionally in 
the process of the mixing. 

[0111] As concrete examples of the method for performing this heat treatment, a method which comprises directly 
heating the acrylate polymer which has a surface cross-linking agent incorporated therein in the non-dispersed system, 
a method which comprises subjecting the acrylate polymer having a cross-linking agent incorporated therein to a heat 

so treatment per se in the dispersed system, and a method which comprises removing the acrylate polymer by filtration 
from the dispersed system and heat-treating the separated acrylate polymer in the non-dispersed system may be cited. 
[0112] In this invention, when the heat treatment is carried out after the addition of the cross-linking agent, the tem- 
perature of this heat treatment is generally not less than 75°C, preferably in the range of 100°C to 300°C, more prefer- 
ably 120° to 260°C. and most preferably 150° to 250°C. If the temperature of this heat treatment is unduly low, 

55 decreasing effect of the residual monomer by using the monomers in accordance with the present invention is difficult 
to occur, and the heat treatment takes an excessively long time and the operational efficiency of heat treatment is 
degraded and uniform and fast surface cross-linking cannot be easily attained. Conversely, if the temperature is so high 
as to exceed 300°C, the acrylate polymer maybe subject to thermal deterioration. The duration of the heat treatment is 
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suitably decided with due consideration to the desired effect of the surface treatment and the temperature of heat treat- 
ment. 

[01 1 3] Heretofore, the practice of performing the heat treatment at a high temperature, for example, falling in the range 
of 120° to 260°C has been advocated for the purpose of allowing the surface cross-linking to proceed uniformly and 
5 quickly. We have found that the heat treatment performed at this elevated temperature increases the residual monomer 
content in the acrylate polymer to a level in the range of some tens to some thousands of ppm. The aery late polymer 
according to the present invention, however, shows virtually no increase in the residual monomer content during the 
heat treatment of the surface cross-link irrespective of the temperature of heating or the duration of heating. And when 
the polymer is neutralized using ammonia, the residual monomer content rather decreases. The conventional heat 
10 treatment has failed to effect sufficient improvement in the various physical properties of the polymer perhaps because 
of the generation and growth of residual monomer in the polymer during the surface treatment. 
[01 14] So long as the acrylate polymer described above is adopted, the treatment with a surface cross-linking agent 
and the heat treatment enable the acrylate polymer to acquire an improved quality and form a cross-linked texture in 
the surface region thereof and allows virtually no increase in the residual monomer content irrespective of the method 
is adopted for the addition of the surface cross-linking agent or the method of heat treatment. Since the addition of the 
cross-linking agent in the dispersed system and the heat treatment in the dispersed system require a large amount of 
organic solvent, the heat treatment is preferably carried out in the non-dispersed system from for the benefit of the oper- 
ational efficiency and the safety of the heat treatment. Further from the standpoint of the quality of the produced resin, 
not only the heat treatment but also the addition of the surface cross-linking agent is preferably carried out in the non- 
20 dispersed system. 

[011 5] Further the absorbent resin in accordance with the present invention has not more than 100 ppm, preferably 
not more than 10 ppm of residual monomer content in substantial dry state and is an absorbent resin which contains 
acrylic acid (salt) containing not more than 100 ppm, preferably not more than 10 ppm of residual monomer content 
after heating at a temperature of 1 80°C for 3 hours. 

25 [01 16] In a conventional absorbent resin, the residual monomer content is merely decreased apparently, but a large 
amount of residual monomer generates by heating. However, the absorbent resin in accordance with the present inven- 
tion has a residual monomer content of not more than 1 00 ppm, ever after heating at a temperature of 1 80°C for 3 hours 
and the residual monomer content sometime rather decreases and safe under any condition. This is based on the rea- 
son that the acrylic acid salt polymer in accordance with the present invention is an acrylic acid salt polymer composi- 

30 tion in which p-hydroxy propionic acid content is extremely decreased, for example, 1 to 1000 ppm, preferably 1-500 
ppm, more preferably 1 to 100 ppm compared to a conventional polymer. 

[01 17] Now, this invention will be described more specifically below with reference to the working examples. 
[01 1 8] The physical properties of the acrylate polymer which will be described in these working examples represents 
the magnitudes determined by the following testing methods. 
35 [0119] The term "latent residual monomer content" as used herein refers to the residual monomer which occurs as 
an increment produced by protracted use of the polymer or exposure of the polymer to an elevated temperature to the 
residual monomer generally found in the acrylate polymer at normal room temperature. Of course, a the latent residual 
monomer content is large notwithstanding the fact that the apparent residual monomer content is small is undesirable 
from the standpoint of safety. 

40 

(1) Absorption capacity 

[0120] This property is determined by placing 0.2 g of a given acrylate polymer uniformly in a teabag-like pouch (40 
x 150 mm) made of non-woven fabric, keeping the pouch containing the sample immersed in an aqueous 0.9 wt% 
45 sodium chloride solution for 30 minutes, removing the pouch from the solution, allowing the drenched pouch to drain for 
a prescribed time, weighing the wet pouch, and calculating the following formula using the weight. 
[0121] Absorption ratio (g/g) = ((Weight of wet pouch) - (Weight of wet blank pouch))/( Weight of absorbent resin) 

(2) Residual monomer content 

50 

[01 22] This magnitude is determined by stirring a dispersion of 0.5 g of a given acrylate monomer in 1 ,000 ml of deion- 
ized water for two hours, passing the resultant dispersion through a Watt man filter paper, and assaying the filtrate for 
residual monomer content by means of high-speed liquid chromatography. 

55 (3) Latent residual monomer content 

[0123] A given acrylate polymer is heated at 1 80°C for three hours to facilitate analysis thereof for the latent residual 
acrylic acid content. The acrylate polymer which has undergone this heat treatment is tested for the residual monomer 
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content by the method of (2) above. The increasement produced in the residual monomer content as a consequence of 
the heat treatment is reported as the latent residual monomer content. 

(4) Suction power 

5 

[01 24] This property is determined by preparing a petri dish having the inner bottom thereof covered with tissue paper, 
pouring 20 ml of artificial urine (containing 1 .9% of urea, 0.8% of NaCI, 0.1% of CaCI 2 , and 0.1% of MgS0 4 ) into the 
petri dish, dropping 1 g of a given acrylate polymer having a cross- linked surface region at the center of the petri dish, 
allowing the sample to absorb the artificial urine* through the tissue paper for 1 0 minutes, weighing the swollen gel, and 
10 determining the increase in the weight of the sample. This increase is reported as the magnitude of the suction power 
of the sample. 

Acrylate to be used 

is [0125] The acrylates used in the following working examples and controls were products obtained by the following 
procedure. The contents of p-hydroxy propionic acid in the produced acrylates and the polymers were magnitudes 
expressed in ppm, based on the solids determined by liquid chromatography. 

[01 26] The species of acrylic acid refined by distillation were stored in a dark room at a fixed temperature in the range 
of 20° to 40 °C (assuming a normal room temperature) until they were in the neutralization step. As things stand, some 
20 tens of days elapse before the acrylic acid refined by distillation at production facilities reaches the end consumer 
engaging in the production of the hydrophilic resin. More often than not, the acrylic acid is handled in an 80% aqueous 
solution having a high point of solidification so as to prevent it from freezing. 

Production 1 

25 

[0127] Acrylic acid obtained from an acrylic acid production plant was refined by distillation. The refined acrylic acid 
was stored at 30°C for 3 hours and then neutralized by the following procedure of Example 1 cited in EP-A-0372706. 
[01 28] A distillation flask provided with a stirrer was charged with 2,744 g of deionized water. With the temperature of 
the neutralization reaction system inside the flask kept at a level in the range of 200 to 40°C, 1 ,390 g of the acrylic acid 

30 and 1 ,480 g of an aqueous 48 wt% sodium hydroxide solution were simultaneously added dropwise over a period of 
100 minutes into the flask at a sodium hydroxide/acrylic acid dropping ratio in the range of 0.9 to 0.95. After the end of 
the dropwise addition, 160 g of an aqueous 48 wt% sodium hydroxide solution was supplied to the flask to adjust the 
ratio of neutralization of the neutralization reaction system inside the flask to 102 mol%. With the temperature of the 
neutralizing reaction system adjusted to 40°C, the product of neutralization was left aging for 30 minutes. Subsequent 

35 to the completion of the aging, 499 g of acrylic acid was supplied over a period of 1 0 minutes to the neutralization reac- 
tion system to obtain an acrylate (I) of a concentration of 37% with a ratio of neutralization of 75 mol%. 
[0129] The content of p-hydroxy propionic acid in the acrylate (I) was found to be 40 ppm based on the solids of the 
acrylate. 

40 Productions 2 and 3 

[0130] Acrylates (II) and (III) were obtained by following the procedure of Production 1 , except that samples of acrylic 
acid which had been stored at a temperature of 30°C for 10 hours and 24 hours respectively after the refinement by 
distillation were used for the neutralization. 
45 [0131] The contents of p-hydroxy propionic acid in the acrylates (II) and (III) based on the solids thereof were found 
to be 90 ppm and 190 ppm respectively. 

Production 4 

50 [0132] An acrylate (IV) was obtained by following the procedure of Production 1 , except that a sample of acrylic acid 
which had been stored at a temperature of 25°C for 24 hours after being refined by distillation was used for the neutral- 
ization. The content of p-hydroxy propionic acid in the acrylate (IV) based on the solids thereof was found to be 100 
ppm. 

55 Productions 5 to 7 

[0133] Acrylates (V) to (VII) were obtained by following the procedure of Production 1 , except that samples of acrylic 
acid which had been stored at a temperature of 20°C for 10 hours, 24 hours, and 48 hours respectively after being 
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refined by distillation were used for the neutralization. The contents of p-hydroxy propionic acid in the acrylates (V) to 
(VII) based on the solids thereof were found to be 50 ppm, 80 ppm, and 130 ppm respectively. 

Production 8 

5 

[0134] A commercially available acrylic acid (guaranteed reagent produced by Wako Junyaku K.K.) was refined by 
distillation. The refined acrylic acid was stored at a temperature of 30°C for 3 hours and then neutralized by the following 
procedure of Control 2 cited in EP-A-0372706. 

[0135] A distillation flask provided with a stirrer was charged with 2,744 g of deionized water and 1 ,640 g of an aque- 
to ous 48 wt% sodium hydroxide solution. Then, with the temperature of the neutralization reaction system kept at a level 
in the range of 20° to 40°C. 1 ,889 g of the acrylic acid was supplied over a period of 1 20 minutes to the flask to obtain 
an acrylate (VIII) of a concentration of 37% at a ratio of neutralization of 75 mol%. The content of p-hydroxy propionic 
acid in the acrylate (VIII) based on the solids thereof was found to be 230 ppm. 

75 Productions 9 and 1 0 

[01 36] Acrylates (IX) and (X) were obtained by following the procedure of Production 8, except that samples of acrylic 
acid which had been stored at a temperature of 30°C for 10 hours and 24 hours respectively after the refinement by 
distillation were used for the neutralization. The contents of p-hydroxy propionic acid in the acrylates (IX) and (X) based 
20 on the solids thereof were found respectively to be 290 ppm and 390 ppm. 

Production 1 1 

[0137] A commercially available acrylic acid (guaranteed reagent produced by Wako Junyaku K.K.) was refined by 
25 distilla-tion. The refined acrylic acid was converted into an aqueous 80% solution having a high point of solidification 
there by allowing easy handling. The aqueous solution was stored at a temperature of 30°C for three hours and then 
neutralized by the following procedure resembling that of Production 8. 

[0138] A distillation flask provided with a stirrer was charged with 2,272 g of deionized water and 1 ,640 g of an aque- 
ous 48 wt% sodium hydroxide solution. Then, with the temperature of the neutralization reaction system kept at a level 
30 in the range of 20° to 40°C, 2,361 g of an aqueous 80% acrylic acid solution was supplied over a period of 120 minutes 
to the flask to obtain an acrylate of a concentration of 37% with a ratio of neutralization of 75 mol%. 
[0139] The content of p-hydroxy propionic acid in the acrylate (XI) based on the solids thereof was found to be 290 
ppm. 

35 Production 12 

[0140] An acrylate (XII) was obtained by effecting neutralization in accordance with the procedure of Production 8, 
except that the temperature of neutralization was lowered to 10°C. However, due to the fall of the temperature of neu- 
tralization, the time required for the neutralization increased to six hours, a period three times the period required in 
40 Example 8 of Production. The content of p-hydroxy propionic acid in the acrylate (XII) based on the solids thereof was 
found to be 70 ppm. 

Production 13 

45 [0141 ] An acrylate (XIII) of a concentration of 45% having a ratio of neutralization of 50 mo1% was obtained by follow- 
ing the procedure of Production 1 , except that the amount of the acrylic acid added to the neutralization reaction system 
subsequent to the completion of the aging at a ratio of neutralization of 1 02 mol% was changed from 499 g to 1 ,446 g. 
The content of p-hydroxy propionic acid in the acrylate (XIII) based on the solids thereof was found to be 30 ppm. 

so Production 14 

[0142] An acrylate (XIV) of a concentration of 34% having a ratio of neutralization of 90 mol% was obtained by follow- 
ing the procedure of Production 1, except that the amount of acrylic acid added to the neutralization reaction system 
subsequent to the completion of the aging at a ratio of neutralization of 102 mol% was changed from 499 g to 184 g. 
55 The content of p-hydroxy propionic acid in the acrylate (XIII) based on the solids thereof was found to be 50 ppm. 
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Production 15 

[0143] An acrylate (XV) of a concentration of 37% having a ratio of neutralization of 100 mol% was obtained by fol- 
lowing the procedure of Production 8, except that the amount of the deionized water was changed from 2,744 g of 1 .942 
5 g and the amount of acrylic acid added dropwise to the neutralization reaction system was changed from 1 ,889 g to 
1,418 g. The content of p-hydroxy propionic acid in the acrylate (XV) based on the solids thereof was found to be 290 
ppm. 

Control Production 1 

10 

[0144] An acrylate (I) for comparison was obtained by following the procedure of Production 1 , except that acrylic acid 
stored at 25°C for 20 days after being refined by distillation was used instead for the neutralization. The content of p- 
hydroxy propionic acid in the acrylate (I) for comparison based on the solids thereof was found to be 2,500 ppm. 

is Control Production 2 

[0145] An acrylate (II) for comparison was obtained by following the procedure of Production 1, except that a com- 
mercially available acrylic acid (guaranteed reagent produced by Kanto Kagaku K.K.) was used for neutralization with- 
out being refined in advance by distillation. The content of p-hydroxy propionic acid in the acrylate (II) for comparison 
20 based on the solids thereof was found to be 4,200 ppm. 

Control Production 3 

[0146] An acrylate (III) for comparison was obtained by following the procedure of Production 1 , except that a com- 
25 mercially available acrylic acid (guaranteed reagent produced by Wako Junyaku K.K.) was used for neutralization with- 
out being refined in advance by distillation. The content of p-hydroxy propionic acid in the acrylate (III) for comparison 
based on the solids thereof was found to be 8,200 ppm. 

Control Productions 4 and 5 

30 

[0147] Acrylates (IV) and (V) for comparison were obtained by following the procedure of Production 1, except that 
samples of acrylic acid which had been stored respectively for 120 hours and 240 hours after the refinement by distil- 
lation were used instead for neutralization. The contents of p-hydroxy propionic acid in the acrylates (IV) and (V) for 
comparison based on the solids thereof were found to be respectively 1 ,100 ppm and 1 ,900 ppm. 

35 

Control Production 6 

[0148] An acrylate (VI) for comparison was obtained by following the procedure of Production 1 , except that acrylic 
acid which had been stored at a temperature of 40°C for 48 hours after the refinement by distillation was used instead 
40 for neutralization. The content of p-hydroxy propionic acid in the acrylate (VI) for comparison based on the solids thereof 
was found to be 1300 ppm. 

Control Productions 7 and 8 

45 [0149] Acrylates (VII) and (VIII) for comparison were obtained by following the procedure of Production 8, except that 
samples of acrylic acid which had been stored respectively for 120 hours and 240 hours after the refinement by distil- 
lation were used instead for neutralization. The contents of p-hydroxy propionic acid in the acrylates (VII) and (VIII) for 
comparison based on the solids thereof were found to be respectively 1 ,300 ppm and 2,100 ppm. 

so Control Productions 9 and 1 0 

[0150] Acrylates (IX) and (X) for comparison were obtained by following the procedure of Production 1 1 , except that 
aqueous acrylic acid solutions which had been stored for 240 hours and 480 hours respectively after the refinement by 
distillation were used instead for neutralization. The contents of p-hydroxy propionic acid in the acrylates (IX) and (X) 
55 based on the solids thereof were found to be respectively 3,300 ppm and 6,700 ppm. 
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Control Production 1 1 

[0151] When the procedure of Production 8 was repeated, except that the temperature of the neutralization system 
was elevated from a level in the range of 20° to 40°C to a level in the range of 50° to 60°C for the purpose of decreasing 
5 the time required for neutralization, the time of neutralization was decreased from 120 minutes to 40 minutes. The con- 
tent of p-hydroxy propionic acid in the resultant acrylate was 2,100 ppm. Hereinafter, this acrylate will be referred to as 
"acrylate (XI) for comparison." 

Control Production 12 

10 

[0152] An acrylate (XII) for comparison having a p-hydroxy propionic acid content of 1 ,800 ppm and a ratio of neutral- 
ization of 50 mol% was obtained by following the procedure of Production 1 3, except that the same acrylic acid as used 
in Control Production 1 was used for neutralization. 

15 Control Production 13 

[0153] An acrylate (XIII) for comparison having a p-hydroxy propionic acid content of 3,200 ppm and a ratio of neu- 
tralization of 100 mol% was obtained by following the procedure of Production 15, except that the same acrylic acid as 
used in Control Production 1 was used for neutralization. 

20 

Example 1 

[0154] A water-soluble unsaturated monomer (0 (concentration 37% and ratio of neutralization 75 mol%) having a p- 
hydroxy propionic acid content of 40 ppm was obtained by dissolving 1 .8 g of N, N'-m ethylene bis-acrylamide as a cross- 
es linking agent in 5,500 g of the acrylate (I) obtained in Production 1 . 

[01 55] The water-soluble unsaturated monomer deaerated with nitrogen gas for 30 minutes was supplied to a reaction 
vessel constructed by fitting a lid on a jacketed twin-arm type kneader of stainless steel having an inner volume of 10 
liters and provided with two sigma type vanes. With the water-soluble unsaturated monomer (I) kept at a constant tem- 
perature of 30°C, the entrapped gas in the reaction system was displaced with nitrogen. Then, the reaction vessel was 
30 kept heated by passing hot water at 35°C through the jacket and in the meanwhile 0.3 mol% of ammonium persulfate 
and 0.03 mor% of sodium hydrogen sulfite were added to the reaction vessel. Two hours had elapsed between the time 
the water-soluble unsaturated monomer (I) was prepared by the procedure described above and the time polymeriza- 
tion of this monomer was initiated by the addition of an initiator. 

[01 56] The polymerization was initiated one minute after the addition of the initiator. The peak temperature in the reac- 
35 tion system reached 83°C after 16 minutes thence. At this time, the resultant hydrogel polymer was divided into parti- 
cles 5 mm in diameter. The stirring of the interior was further continued. After 60 minutes following the start of 
polymerization, the hydrogel polymer was removed from the reaction vessel. The minute particles of the hydrogel pol- 
ymer thus obtained were spread on a metallic net of 50 mesh (0.297 mm) and dried with hot air thereon at 130°C for 
90 minutes. The dried particles were pulverized by the use of a vibration mill and further classified with a 20-mesh 
40 (0.841 mm) screen to obtain an absorbent resin of acrylate (1 ). The absorbent resin of acrylate (1 ) was tested for resid- 
ual monomer content, latent residual monomer content, and absorption ratio. The results are shown in Table 1. 

Examples 2 to 4 

45 [01 57] Absorbent resins of acrylate (2) to (4) were obtained by repeating the procedure of Example 1 , except that the 
time between the preparation of the water-soluble unsaturated monomer (I) and the start of polymerization was 
increased to 6 hours, 12 hours, and 24 hours respectively by standing for necessary time. The physical properties of 
these absorbent resins are shown in Table 1 . 

so Examples 5 to 7 

[01 58] Water-soluble unsaturated monomers (II) to (IV) having p-hydroxy propionic acid contents of 90 ppm, 190 ppm, 
and 1 00 ppm respectively were obtained by repeating the procedure of Example 1 , except that the acrylates (II) to (IV) 
were used in the place of the acrylate (I). 
55 [01 59] By setting the water-soluble unsaturated monomers (II) to (IV) undergoing polymerization in the same manner 
as in Example 1 , 2 hours after their preparation, absorbent resins of acrylate (5) to (7) were obtained. The physical 
properties of these absorbent resins are shown in Table 1 . 
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Example 8 

[0160] A water-soluble unsaturated monomer (V) having a p-hydroxy propionic acid content of 50 ppm was obtained 
by repeating the procedure of Example 1 , except that the acrylate (V) was used instead of acrylate (I) in the preparation 

5 of water-soluble unsaturated monomer and 2.2 g of polyethylene glycol diacrylate (0.02 mol% based on the monomer) 
(average n number 8) was used in the place of the N.N'-methylene bis-acrylamide as the cross-linking agent. 
[0161] The water-soluble unsaturated monomer (V) was polymerized in the same manner as in Example 1, 6 hours 
after preparation. The gel polymer thus obtained was dried at 1 50°C for 75 minutes and then pulverized and classified 
in the same manner as in Example 1 to obtain an absorbent resin of acrylate (8). The physical properties of the absorb- 

w ent resin are shown in Table 1 . 

Examples 9 and 10 

[0162] Water-soluble unsaturated monomers (VI) and (VII) having p-hydroxy propionic acid contents of 80 ppm and 
is 130 ppm respectively were obtained by following the procedure of Example 8, except that the acrylates (VI) and (VII) 
were used instead acrylate (V) in the preparation of the water-soluble unsaturated monomer. 

[0163] Then, the water-soluble unsaturated monomers (VI) and (VII) were treated in the same manner as in Example 
8 to obtain absorbent resins of acrylate (9) and (10). The physical properties of these absorbent resins are shown in 
Table 1. 

20 

Example 11 

[0164] A water-soluble unsaturated monomer (VIII) having a p-hydroxy propionic acid content of 230 ppm was 
obtained by following the procedure of Example 1 , except that the acrylate (VIII) was used instead of the acrylate (I) in 

25 the preparation of the water-soluble unsaturated monomer and 13.6 g of trimethylol propane triacrylate (0.2 mol% 
based on the monomer) was used instead of the N.N'-methylene bis-acrylamide as the cross-linking agent. 
[0165] The water-soluble unsaturated monomer (VIII) was polymerized in the same manner as in Example 1 . 2 hours 
after the preparation thereof. The gel polymer consequently obtained was dried at 180°C for 60 minutes and then 
treated in the same manner as in Example 1 to obtain an absorbent resin of acrylate (11). The physical properties of 

30 this resin are shown in Table 1 . 

Examples 12 and 13 

[0166] Water-soluble unsaturated monomers (IX) and (X) having p-hydroxy propionic acid contents of 290 ppm and 
35 390 ppm respectively were obtained by following the procedure of Example 1 1 . except that the acrylates (IX) and (X) 
were used instead of acrylate (VIII) in the preparation of water-soluble unsaturated monomer. 
[0167] Then, the water-soluble unsaturated monomers (IX) and (X) were treated in the same manner as in Example 
1 1 to obtain absorbent resins of acrylate (12) and (13). The physical properties of these absorbent resins are shown in 
Table 1. 

40 

Example 14 

[0168] In a reaction vessel provided with a stirrer, a nitrogen inlet tube, and a thermometer, a water-soluble unsatu- 
rated monomer (XI) having a p-hydroxy propionic acid content of 230 ppm was prepared by dissolving 30 g of corn 

45 starch in 600 g of water and further dissolving 718 g (3 mols) of the acrylate (XI), 71 g (1 mol) of acrylamide, and 0.12 
g (0.01 mol% based on the monomer) of trimethylol propane triacrylate in the aqueous starch solution. 
[0169] The water-soluble unsaturated monomer (XI) was left standing at 30°C for two hours. Then, it was blown with 
a forced current of nitrogen gas for one hour to expel the dissolved oxygen. This water-soluble unsaturated monomer 
was combined with 0.1 mol% of sodium persulfate as a polymerization catalyst and 0.05 mol% of 1 -ascorbic acid and 

so the resultant hydrogel was polymerized for 3 hours. Further, this hydrogel was dried in the form of a thick film by the use 
of a double drum drier having a surface temperature of 150°C. The dry film was pulverized and classified with a 20- 
mesh (0.841 mm) screen to obtain an absorbent resin of acrylate (14). The results of the analysis of this absorbent resin 
are shown in Table 1. 

55 Example 15 

[01 70] A water-soluble unsaturated monomer (XII) having a p-hydroxy propionic acid content of 70 ppm was obtained 
by dissolving 3.4 g (0.1 mol% based on the monomer) of tetraethylene glycol diacrylate in 1 ,000 g of acrylate (XII). 
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[0171] The water-soluble unsaturated monomer (XII) freshly prepared was left standing at 50°C and blown with a 
forced current of nitrogen gas to expel the dissolved oxygen. Then, the monomer was spread in the form of a layer, 5 
mm in thickness under an atmosphere of nitrogen and was polymerized thereon by having 0.2 mol% of 2,2'-azo-bis(2- 
amidinopropane) di hydrochloride sprayed thereon. Two hours had elapsed between the time the water-soluble unsatu- 
rated monomer was prepared and the time the polymerization thereof was initiated. 

[0172] The polymerization was immediately initiated. The gel polymer consequently formed was removed from the 
reaction vessel after 10 minutes of the polymerization. It was pulverized and dried with hot air at 150°C for 60 minutes. 
The dry gel polymer was pulverized and classified in the same manner as in Example 1 to obtain an absorbent resin of 
acrylate (15). The results of the analysis of the absorbent resin are shown in Table 1 . 

Examples 16 and 17 

[0173] Absorbent resins of acrylate (16) and (17) were obtained by following the procedure of Example 15, except 
that the water-soluble unsaturated monomer (XII) was left standing and polymerizing at 30°C for 12 hours and 24 hours 
respectively after preparation until polymerization. The results of the analysis of these absorbent resins are shown in 
Table 1 . 



[0174] A water-soluble unsaturated monomer of a concentration of 35% having a ratio of neutralization of 75% and a 
p-hydroxy propionic acid content of 70 ppm was prepared by using 83.4 g of the acrylate (XII), 0.004 g of N.N'-methyl- 
ene bis-acrylamide (0.0065 mol% based on the monomer) as a cross-linking agent, and 17.77 g of deionized water. 
Three hours after the completion of preparation, the water-soluble unsaturated monomer was blown with a forced cur- 
rent of nitrogen gas to expel the dissolved oxygen. 

[0175] Separately, in a four-neck separable flask having an inner volume of 500 ml and provided with a stirrer, a reflux 
condenser, a thermometer, a nitrogen gas inlet tube, and a dropping funnel, 250 ml of cyclohexane was placed, 2.0 g 
of sorbitan monostearate (HLB 4.7) as a dispersant was dissolved in the cyclohexane, and the resultant solution was 
blown with a forced current of nitrogen gas to expel the dissolved oxygen. 

[0176] The water-soluble unsaturated monomer was deaerated for one hour and 0.06 mol% of potassium persulfate 
was dissolved in the monomer. The resultant solution was placed in the separable flask mentioned above and stirred to 
effect dispersion therein at a rate of 250 rpm. Then, the resultant mixture was heated to 60°C to initiate a polymerization 
reaction. (Incidentally, four hours had elapsed between the time the water-soluble unsaturated monomer was prepared 
and the time polymerization was initiated.) 

[0177] After the start of polymerization, the polymerization mixture was kept at the temperature mentioned above for 
two hours and subsequently subjected to azeotropic dehydration. When the water content of the resultant polymer fell 
below 10%, the polymer was separated by filtration and dried in an oven at 130°C for 1 hour to obtain an absorbent resin 
of acrylate (1 8). The physical properties of this resin are shown in Table 1 . 



[0178] A water-soluble unsaturated monomer (XIII) of a concentration of 45% having a p-hydroxy propionic acid of 30 
ppm and a ratio of neutralization of 50% was obtained by following the procedure of Example 1 , except that the acrylate 
(XIII) was used instead of the acrylate (I) in the preparation of water-soluble unsaturated monomer. 
[0179] The water-soluble unsaturated monomer (XIII) was set polymerizing in the same manner as in Example 1 four 
hours after preparation. The resultant polymer was treated in the same manner as in Example 1 to obtain an absorbent 
resin of acrylate (19). The physical properties of this absorbent resin are shown in Table 1 . 



[0180] A water-soluble unsaturated monomer (XIV) of a concentration of 34% having a p-hydroxy propionic acid con- 
tent of 50 ppm and a ratio of neutralization of 90% was obtained by following the procedure of Example 1 , except that 
the acrylate (XIV) was used instead of the acrylate (I) in the preparation of water-soluble unsaturated monomer. 
[0181] The water-soluble unsaturated monomer (XIV) was set polymerizing in the same manner as in Example 1 24 
hours after preparation and then treated in the same manner as in Example 1 to obtain an absorbent resin of acrylate 
(20). The physical properties of this resin are shown in Table 1 . 



Example 18 



Example 19 



Example 20 
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Example 21 

[0182] In a switching cast polymerization device made of stainless steel (SUS 316), lined with ethylene tetrafluoride 
resin, and having an inner volume of 300 mm x 300 mm x 50 mm, 4,000 g of a water-soluble unsaturated monomer (XV) 
5 having a p-hydroxy propionic acid content of 290 ppm was placed in its unmodified form as an acrylate (XV) and the 
entrapped gas in the device was displaced with nitrogen. The device containing the acrylate (XV) was immersed in a 
water bath at 30°C. 

[0183] After the elapse of 24 hours following the completion of the preparation of the acrylate, 0.05 mol% of ammo- 
nium persulfate and 0.02 mol% of sodium hydrogen sulfite were added to the acrylate to effect polymerization thereof. 
10 Five hours after the start of the polymerization, the hydrogel polymer consequently formed was removed from the cast 
polymerization device. The polymer was cut into cords by using a meat chopper and then dried and pulverized in the 
same manner as in Example 1 to obtain a water-soluble resin of acrylate (20). The results of the analysis of this water- 
soluble resin (20) are shown in Table 1 . 

15 Example 22 

[0184] One hundred (100) parts of the absorbent resin (1) obtained in Example 1 was mixed with 1 part of glycerol, 
2 parts of water, and 2 parts of ethyl alcohol. The resultant mixture was heated at 1 90°C for 20 minutes. The absorbent 
resin (22) consequently obtained was tested for absorption capacity, residual acrylic acid content, suction power, pres- 
20 ence or absence of the formation of wetted clusters of powder, and increase of residual monomer content at surface 
cross-linkng. The results of the test are shown in Table 3. 

Example 23 

25 [0185] An absorbent resin (23) was obtained by mixing 100 parts by weight of the absorbent resin (5) with 0.1 part of 
ethylene glycol diglycidyl ether, 5 parts of water, and 1 part of isopropyl alcohol and heating the resultant mixture at 
180°C for 30 minutes. The results of the analysis of this absorbent resin (23) are shown in Table 3. 

Example 24 

30 

[0186] An absorbent resin (24) was obtained by mixing 1 00 parts of the absorbent resin (6) with 0.5 part of di ethylene 
glycol, 2 parts of water, and 1 part of isopropyl alcohol and heating the resultant mixture at 150°C for three hours. The 
results of the analysis of this absorbent resin (24) are shown in Table 3. 

35 Example 25 

[0187] An absorbent resin (25) was obtained by dispersing 100 parts by weight of the absorbent resin (8) in a mixed 
solvent containing 300 parts of methanol and 30 parts of water, mixing the resultant dispersion with 0.1 parts of ethyl- 
ene glycol diglycidyl ether, and heating the resultant dispersed mixture at 1 60°C for 1 hour to effect evaporation for dry- 
40 ing. The results of the analysis of this resin (25) are shown in Table 3. 

Example 26 

[0188] An absorbent resin (26) was obtained by adding 2.5 parts of ethylene carbonate, 2.5 parts of water, and 2.5 
45 parts of acetone to 100 parts of the absorbent resin (9) and heating the resultant mixture at 180°C for 1 hour. The 
results of the analysis of this absorbent resin (26) are shown in Table 3. 

Example 27 

so [0189] An absorbent resin (27) was obtained by mixing 1 00 parts by weight of the absorbent resin (1 1 ) with 1 part of 
finely divided silicon dioxide powder (Aerosil) (TM) and further with a treating solution containing 0.1 parts of ethylene 
glycol diglycidyl ether and 1 0 parts of water and heating the resultant mixture at 1 50°C for 1 hour. The results of the 
analysis of this absorbent resin (27) are shown in Table 3. 

55 Example 28 

[0190] An absorbent resin (28) was obtained by mixing 100 parts by weight of the absorbent resin (12) with 1 part of 
aluminum sulfate, 1 part of glycerin, and 8 parts of water and heating the resultant mixture at 1 80°C for 30 minutes. The 
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results of the analysis of the absorbent resin (28) are shown in Table 3. 
Example 29 

5 [0191 ] The absorbent resin (1 8) was dispersed in 250 ml of cyclo-hexane. Separately, a dispersion of ethylene glycol 
diglycidyl ether was obtained in a flask by dissolving 0.5 g of sorbitan monolaurate (HLB = 8.6, produced by Kao Soap 
Co., Ltd. and marketed under trademark designation of "Reodol SP-10") as a surfactant in 50 g of cydohexane and 
adding an aqueous solution of 0.04 g of ethylene glycol diglycidyl ether in 2 ml of water with vigorous agitation to the 
dispersion. The droplets in this dispersion had an average particle diameter of 3 \im (microns). An absorbent resin (29) 

10 was obtained by mixing this dispersion in a stirred state with a suspension of the absorbent resin (1 8), keeping the tem- 
perature of the system at 75°C for 3 hours, separating the produced polymer by filtration, and drying the separated pol- 
ymer under a vacuum. 

Controls 1 to 3 

15 

[0192] Water-soluble unsaturated monomers (I) to (III) having p-hydroxy propionic acid contents respectively of 2,500 
ppm, 4,200 ppm, and 8,200 ppm were obtained by following the procedure of Example 1 , except that the acrylates (I) 
to (III) for comparison were used in the place of acrylate (I) in the preparation of the water-soluble unsaturated mono- 
mer. The water-soluble unsaturated monomers (I) to (III) for comparison were treated in the same manner as in Exam- 
20 pie 1 to produce absorbent resin of acrylate (1) to (3). The physical properties of these absorbent resins are shown in 
Table 2. 

Controls 4 to 6 

25 [0193] Absorbent resins of acrylate (4) to (6) for comparison were obtained by repeating the procedure of Control 1 , 
except that the time intervening between the preparation of the water-soluble monomer (I) for comparison and the initi- 
ation of polymerization was increased respectively to 12 hours, 24 hours, and 240 hours. The physical properties of 
these absorbent resins (4) to (6) for comparison are shown in Table 2. 

30 Controls 7 to 9 

[0194] Water-soluble unsaturated monomers (IV) to (VI) for comparison having p-hydroxy propionic acid contents 
respectively of 1 , 1 00 ppm, 1 ,900 ppm, and 1 ,300 ppm were obtained by repeating the procedure of Example 8, except 
that the acrylates (IV) to (VI) for comparison were used in the place of acrylate (V) in the prepa ratio n-of the water-sol - 
35 uble unsaturated monomer. The water-soluble unsaturated monomers (IV) to (VI) for comparison were treated in the 
same manner as in Example 8 to obtain absorbent resins of acrylate (7) to (9) for comparison. The physical properties 
of these absorbent resins are shown in Table 2. 

Controls 10 to 12 

40 

[0195] Water-soluble unsaturated monomers (VII) to (IX) for comparison having p-hydroxy propionic acid contents 
respectively of 1 ,300 ppm, 2,100 ppm, and 3,300 ppm were obtained by repeating the procedure of Example 8, except 
that the acrylates (VII) to (IX) for comparison were used in instead of the acrylate (VIII) in the preparation of water-sol- 
uble unsaturated monomer. The water-soluble unsaturated monomers (VII) to (IX) for comparison were treated in the 
45 same manner as in Example 1 1 to obtain absorbent resins of acrylate (10) to (12) for comparison. The physical prop- 
erties of these absorbent resins are shown in Table 2. 

Control 13 

so [0196] A water-soluble unsaturated monomer (X) for comparison having a p-hydroxy propionic acid content of 6,700 
ppm was obtained by repeating the procedure of Example 14, except that the acrylate (X) for comparison was used 
instead of the acrylate (XI) in the preparation of water-soluble unsaturated monomer. The water-soluble unsaturated 
monomer (X) for comparison was treated in the same manner as in Example 14 to obtain an absorbent resin of acrylate 
(13) for comparison. The physical properties of this absorbent resin are shown in Table 2. 

55 

Control 14 

[0197] A water-soluble unsaturated monomer (XI) for comparison having a p-hydroxy propionic acid content of 2,100 
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ppm was obtained by repeating the procedure of Example 15, except that the acrytate (XI) for comparison was used 
instead of acrylate (XI) in the preparation of the water-soluble unsaturated monomer The water-soluble unsaturated 
monomer (XI) for comparison was treated in the same manner as in Example 1 5 to obtain an absorbent resin of acrylate 
(14) for comparison. The physical properties of this absorbent resin are shown in Table 2. 

5 

Controls 15 and 16 

[01 98] Absorbent resins of acrylate for comparison (1 5) and (1 6) were obtained by repeating the procedure of Control 
14, except that the water-soluble unsaturated monomer (XI) prepared in Control 1 4 was stored at 30°C respectively for 
10 24 hours and 120 hours before polymerization. The physical properties of these absorbent resins are shown in Table 2. 

Control 17 

[01 99] A water-soluble unsaturated monomer (XII) for comparison having a p-hydroxy propionic acid content of 1 ,800 
15 ppm was obtained by repeating the procedure of Example 19, except that acrylate (XII) for comparison was used 
instead of acrylate (XIII) in the preparation of water-soluble unsaturated monomer. The water-soluble unsaturated mon- 
omer (XII) was treated in the same manner as in Example 19 to obtain an absorbent resin of acrylate (17) for compar- 
ison. The physical properties of this absorbent resin are shown in Table 2. 

20 Control 18 

[0200] A water-soluble unsaturated monomer (XII I) for comparison having a p-hydroxy propionic acid content of 3,200 
ppm was obtained by following the procedure of Example 21, except that the acrylate (XIII) for comparison was used 
instead of the acrylate (XV) in the preparation of water-soluble unsaturated monomer. The water-soluble unsaturated 
25 monomer (XIII) was treated in the same manner as in Example 21 to obtain an absorbent resin of acrylate (28) for com- 
parison. The physical properties of this absorbent resin are shown in Table 2. 

Control 19 

30 [0201 ] A water-soluble unsaturated monomer (XIV) for comparison having a p-hydroxy propionic acid content of 2,800 
ppm was obtained by repeating the procedure of Example 21 , except that 2,590 ppm of p-hydroxy propionic acid was 
separately added to acrylate (XV). The water-soluble unsaturated monomer (XIV) was treated in the same manner as 
in Example 21 to obtain an absorbent resin of acrylate (19) for comparison. The physical properties of this absorbent 
resin are shown in Table 2. 

35 

Controls 20 to 22 

[0202] Absorbent resins (20) to (22) for comparison were obtained by repeating the procedures of Examples 22 to 
24, except that absorbent resins (1), (5) and (6) for comparison were used instead of absorbent resins (1) to (3) as 
40 absorbent resins for cross-linking surface regions thereof. The physical properties of these absorbent resins are shown 
in Table 2. 

Controls 23 and 24 

45 [0203] Absorbent resins (23) and (24) for comparison were obtained by repeating the procedures of Examples 25 and 
26, except that an absorbent resins (7) and (8) for comparison were used instead of absorbent resins (8) and (9) for 
cross-linking the surface regions. The physical properties of these absorbent resins are shown in Table 3. 

Controls 25 and 26 

so 

[0204] Absorbent resins (25) and (26) for comparison were obtained by repeating the procedures of Examples 27 and 
28, except that absorbent resins (11) and (12) for comparison were used instead of absorbent resins (1 1) and (12) in 
cross-linking surface regions. The physical properties of these absorbent resins are shown in Table 3. 
[0205] Analyzed results of acrylic acid salt polymers obtained in Examples 1 to 21 and Controls 1-19 are shown in 
55 Tables 1 and 2 and analyzed results of acrylic acid salt polymers wherein surface region is cross-linked obtained in 
Examples 22 to 29 and Controls 20 to 26 are shown in Table 3. 

[0206] Further, the acrylic acid salt polymers obtained from the water-soluble unsaturated monomer containing not 
more than 100 ppm of p-hydroxy propionic acid in Examples contained not more than 100 ppm of p-hydrocxy propionic 
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acid, while the polymer obtained in Controls contained not less than 1000 ppm of p-hydrocxy propionic acid. 



iii i 

U «Q c w 



m « « = » SS° j 2 S S S S 8 g E * * ' 



■a u- 

I 8 & 



c 

i 



o 



2 



5 f ~ 
ills 

H » 8 OL 



cm cvj st cm cm cm vo vo vo cm cm cm m cm cm *r cm -sr 

^ CM ^ CM 



3 

o 

2 § £ ~ 

111 1 
f 2 8 § 



o o o o o 



iii 

8 2 u 

5 3 1 
5 i 8 



►H Hi 1-4 M X »-» l-t 

^ « n-i ii w M H 
w > i-t w X 



n w tf in »o 



o» o *- cm en «r m 



II 

as o 



1 



1 



M M X w 



CM g CM 

1 



o ^ w « » m \o 



_1 

CM CM 



55 



22 




EP 0 574 260 B1 



10 



15 



20 



25 



30 



35 



40 



45 



50 



Latent 

residual 


mononer 
(ppn) 


420 
870 
1200 
450 
460 
480 
140 
250 
130 
140 
240 
410 
900 
240 
320 
330 
340 
450 

510 


Residual 

monomer 


i 


, 420 
700 
870 
470 
560 
1560 
300 
440 
340 
490 
550 
730 
420 
420 
830 
930 
1300 
600 

670 


Absorption 
capacity 


to 
to 


^ ar j^xj- v©vONO cnf*>covo>=r-=r^-=r ' ■ 


Tine of 


nonomer 
preparation 
(hr) 


^- CM CM CM CM CM 
CM 


/Miydroiy 
propionic acid 
content in 
nonomer 
(ppn) 


2500 
4200 
8200 
2500 

2500 
1100 
1900 
1300 
1300 
2100 
3300 
6700 
2100 
2100 
2100 
1800 
3200 

2800 


Hater-soluble 
unsaturated 
nonomer used 


Honomer (I) 
(II) 
(III) 
(I) 

tl 

(IV) 
(V) 
(VI) 
(VII) 
(VIII) 

(II) 

(X) 

(XI) 
It 

tl 

(XII) 
(XIII) 

(XIV) 


Resin 
obtained 


Absorbent resin (1) 
(2) 
(3) 
(D 
(5) 
(6) 

" (7) 
(8) 
(9) 
(10) 

(11) 
(12) 
(13) 
(ID 
(15) 
(16) 

» (17) 

water-soluble resin 
(18) 

(19) 




cm ro it \r\ so e— co a\ © »- w f) in vo r- co 

1 



55 



23 



• 



EP 0 574 260 B1 



10 



15 



20 



25 



30 



35 



40 



50 



8 8 

si*! _ 
• I* s 



« I V m 



l^i i 

iSlIf ~ 

a I 8 s s 



5 



i 



jo 



4-> X> 

a. *<h 
u o 

it 



S? 5 - _ 
l| III 



1 is . ? 
1st lis 



I 



c 



toe c in * o © in 



i 1 



A A « A 2 2A 

mm in , m 



c><\i©cot-oic\j© 

t— t- t* ^ v£» \0 \0 



S S S 8 S S3 S 



S S in S 3 5 S S 



— m a> co o> «- oj oo 



*s s? s & * sr s s 



85 



S I.I 8 s 5-8 



» § § g § a 8 



co t*- in co in t"- 

vo vo vo vo vo m in 



I § I I § § § 



2 S 3 2 2 8 S 



8 8 8 8 8 8 

eg cv — o% — co 
xr oo — — cm m 



2*-^ ««■»» — » «•-«» 

4f w w w w w 



fc „ *""■» """■«■ ^"S *-s <^ 

|S 8 5 81 S? 3 8 « 

$ *"* ^ v *-* <w w w w w 

JS8 



2 

4J 



55 



24 



EP 0 574 260 B1 



Production 16 

[0207] A sample of acrylic acid obtained from the site of acrylic acid production at Himeji Plant of Nippon Shokubai 
Kagaku Kogyo Co., Ltd. was refined by distillation. The acrylic acid fresh from the distillation was stored at 30°C for two 

5 hours and then neutralized by the procedure disclosed in EP-A-0372706. 

[0208] A distillation flask provided with a stirrer was charged with 1 ,944 g of deionized water. With the temperature of 
the neutralization reaction system in the flask kept at a level in the range of 20°C to 40°C. 1 ,390 g of acrylic acid and 
1,480 g of an aqueous 48 wt% sodium hydroxide solution were added simultaneously at a sodium hydroxide/acrylic 
acid dropping ratio in the range of 0.9 to 0.95 over a period of 100 minutes into the flask. After the completion of the 

10 dropwise addition, 160 g of an aqueous 48 wt% sodium hydroxide solution was supplied to adjust the ratio of neutrali- 
zation of the neutralization reaction system in the flask to 102 mol%. Then, the temperature of the neutralization reac- 
tion system was adjusted to 40°C and the product of neutralization was left to age for 30 minutes. After the completion 
of aging, 28 g of acrylic acid was supplied over a period of 1 minute to the neutralization reaction system to obtain 5,002 
g of an acrylate (XVI) of a concentration of 37% having a ratio of neutralization of 100 mol%. 

15 [0209] A monomer (1) of a concentration of 38% having a ratio of neutralization of 75% (55% of sodium salt and 20% 
of ammonium salt) was obtained by adding 774 g of acrylic acid aged for 2 hours after distillation and 1 ,063 g of deion- 
ized water to 3,338 g of acrylate (XVI) resulting from neutralization and adding 325 g of an aqueous 25% ammonia solu- 
tion thereto, and further adding thereto 2.83 g (0.04 mol% based on the monomer) of trimethylol propane triacrylate as 
a cross-linking agent. The monomer (1), on being analyzed by liquid chromatography, was found to have a p-hydroxy 

20 propionic acid content of 25 ppm. 

Production 1 7 

[0210] A monomer (2) of a concentration of 38% having a ratio of neutralization of 75% (35% of sodium salt and 40% 
25 of ammonium salt) was obtained by repeating the procedure for the production of the acrylate (XVI) in the preparation 
of the monomer in Production 16, except that 2,148 g of acrylate (XVI), 1,132 g of acrylic acid, 1,563 g of deionized 
water, 657 g of an aqueous 25% ammonia solution, and 2.86 g (0.04 mol% based on the monomer) of trimethylol pro- 
pane triacrylate were used instead. The p-hydroxy propionic acid content in the monomer (2) was found to be 18 ppm. 

30 Production 18 

[021 1 ] A monomer (3) of a concentration of 38% having a ratio of neutralization of 75% (65% of sodium salt and 1 0% 
of ammonium salt) was obtained by following the procedure for the production of the acrylate (XVI) in the preparation 
of the monomer in Production 16, except that 3,922 g of acrylate (XVI), 599 g of acrylic acid, 81 7 g of deionized water, 
35 162 g of an aqueous 25% ammonia solution, and 2.81 g (0.04 mol% based on the monomer) of trimethylol propane tri- 
acrylate were used instead. The p-hydroxy propionic acid content in the monomer (3) was found to be 22 ppm. 

Production 19 

40 [021 2] An acrylate (XVII) was obtained by following the procedure of Production 1 6, except that acrylic acid aged for 
1 2 hours after being refined by distillation was used instead of the refined acid aged for 2 hours in the preparation of the 
acrylate and monomer. A monomer (4) of a concentration of 38% having a ratio of neutralization of 75% (55% of sodium 
salt and 20% of ammonium salt) was obtained by repeating the procedure of Production 1 using the acrylate (XVII) 
instead. The p-hydroxy propionic acid content in the monomer (4) was found to be 50 ppm. 

45 

Production 20 

[0213] An acrylate (XVIII) was obtained by following the procedure of Production 16, except that acrylic acid aged for 
24 hours after being refined by distillation was used instead of acrylic acid aged for two hours after distillation in the 
so preparation of the acrylate and monomer. A monomer (5) of a concentration of 38% having a ratio of neutralization of 
75% (55% of sodium salt and 20% of ammonium salt) was obtained by following the procedure of Production 1 using 
acrylate (XVIII) instead. The p-hydroxy propionic acid content in the monomer (5) was found to be 1 10 ppm. 

Production 21 

55 

[0214] A commercially available acrylic acid (guaranteed reagent produced by Wako Junyaku K.K.) was refined by 
distillation. The refined acrylic acid was converted into an aqueous 80% solution having a high point of solidification 
thereby allowing easy handling. The solution was stored at a temperature of 30°C for two hours and then neutralized by 
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the following procedure. 

[021 5] A distillation flask provided with a stirrer was charged with 2,272 g of deionized water and 1 ,640 g of an aque- 
ous 48 wt% sodium hydroxide solution. Then, with the temperature of the neutralization reaction system kept at 10°C, 
2,361 g of an aqueous 80% acrylic acid solution was supplied meanwhile over a period of 6 hours to the flask to obtain 
5 an acrylate (XIX) of a concentration of 37% having a ratio of neutralization of 75 mol%. 

[0216] Then, a monomer (6) of a concentration of 38% having a ratio of neutralization of 75% (55% of sodium salt 
and 20% of ammonium salt) was obtained by repeating the procedure of Production 16 using acrylate (XIX) instead. 
The p -hydroxy propionic acid content in the monomer (6) was found to be 50 ppm. 

10 Production 22 

[0217] A monomer (7) of a concentration of 38% having a ratio of neutralization of 75% (75% of sodium salt) was 
obtained by repeating the procedure of Production 16, except that 4,500 g of acrylate (XVI), 425 g of acrylic acid, 575 
g of deionized water, and 3.39 g (0.03 mol% based on the monomer) of polyethylene glycol diacrylate (average n = 7) 
15 were used in the same manner as the production of acrylate (XVI) in the preparation of the monomer. The p-hydroxy 
propionic acid content in the monomer (7) was found to be 30 ppm. 

Control Production 14 

20 [021 8] An acrylate (XIV) for comparison was obtained by repeating the procedure of Production 1 6, except that acrylic 
acid aged for 200 hours after being refined by distillation was used instead of refined acrylic acid aged for 2 hours in the 
production of the acrylate and monomer in the preparation of the monomer. A monomer (1) for comparison of a con- 
centration of 38% having a ratio of neutralization of 75% (55% of sodium salt and 20% of ammonium salt) was obtained 
by following the procedure of Example 16 of Production using the acrylate (XIV) for comparison instead. The p-hydroxy 

25 propionic acid content in the monomer (1) for comparison was found to be 1 ,100 ppm. 

Control Production 15 

[021 9] An acrylate (XV) for comparison was obtained by repeating the procedure of Production 16, except that a com- 
30 mercially available acrylic acid (guaranteed reagent produced by Wako Junyaku K.K.) was used in its unmodified form 
instead of refined acrylic acid aged for two hours in the production of the acrylate and monomer in the preparation of 
the monomer. A monomer (2) for comparison of a concentration of 38% having a ratio of neutralization of 75% (55% of 
sodium salt and 20% of ammonium salt) was obtained by using the acrylate (XV) for comparison. The p-hydroxy propi- 
onic acid content in the monomer (2) for comparison was found to be 3,200 ppm. 

35 

Control Production 16 

[0220] An acrylate (XVI) for comparison was obtained by following the procedure of Production 21, except that the 
temperature of the neutralization reaction system was raised from 10°C to a level in the range of 50° to 60°C for the 
40 purpose of reducing the duration of neutralization. The time required for the neutralization consequently decreased 
from six hours to 40 minutes. Then, a monomer (3) for comparison of a concentration of 38% having a ratio of neutral- 
ization of 75% (55% of sodium salt and 20% of ammonium salt) was obtained by following the procedure of Production 
16 using acrylate (XVI) instead. The p-hydroxy propionic acid content in the monomer (3) was found to be 1 ,300 ppm. 

45 Control Production 17 

[0221 ] A monomer (4) for comparison was obtained by repeating the procedure of Production 22, except that an aque- 
ous acrylic acid solution stored for 200 hours after being refined by distillation was used as an aqueous 80% acrylic acid 
solution for the neutralization. The p-hydroxy propionic acid content in the monomer (4) for comparison was found to be 
so 2,900 ppm. 

Control Production 18 

[0222] A monomer (5) for comparison having a p-hydroxy propionic acid content of 1 ,600 ppm was obtained by 
55 repeating the procedure of Production 22, except that the same acrylic acid as used in Control Production 1 4 was used 
instead of the acrylic acid aged for two hours after distillation in the preparation of the monomer. 
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Example 30 

[0223] In a reaction vessel constructed by fitting a lid to a jacketed twin-arm type kneader made of stainless steel, 
having an inner volume of 10 liters, and provided with two sigma type vanes, 5,500 g of the monomer (1) obtained in 

5 Production 16 deaerated with nitrogen gas for 30 minutes was placed. Then, with the reaction vessel kept heated by 
passage of hot water at 35°C through the jacket, 0.3 mol% of ammonium persulfate and 0.03 mol% of sodium hydrogen 
sulfite were added to the reaction vessel. Two hours had elapsed between the time the monomer was prepared by the 
procedure described above and the time polymerization was initiated by the addition of an initiator. Polymerization was 
initiated 1 minute after the addition of the initiator. The gel polymer consequently formed was finely divided into particles 

w about 5 mm in diameter in 16 minutes. The stirring continued for a further 44 minutes before the gel polymer was 
removed from the reaction vessel. 

[0224] The minute particles of the gel polymer consequently obtained were spread on a 50-mesh (0.297mm) metallic 
net and then heat-treated thereon at 180°C for 60 minutes with the aid of hot air. The dry particles thus formed were 
pulverized with a vibration mill and then classified with a 20-mesh (0.841mm) screen to obtain an absorbent resin (30). 
is The results are shown in Table 4. 

Examples 31 and 32 

[0225] Absorbent resins (31) and (32) were obtained by repeating the procedure of Example 30, except that the time 
20 between the completion of the preparation of the monomer (a) and the introduction of the initiator was changed respec- 
tively to six hours and 24 hours. The results are shown in Table 4. 

Examples 33 and 34 

25 [0226] Absorbent resins (33) and (34) were obtained by repeating the procedure of Example 30, except that the tem- 
perature for drying and heating the gel polymer resulting from polymerization was changed respectively to 150°C and 
1 20°C. The results are shown in Table 4. It is clearly noted from the data of Table 4 that the absorption ratio was lowered 
and the residual monomer content was increased by lowering the temperature of drying. 

30 Examples 35 to 38 

[0227] Absorbent resins (35) to (38) were obtained by repeating the procedure of Example 16, except that the mon- 
omers (2) to (5) were used instead of monomer (1) for polymerization. The results are shown in Table 4. 

35 Example 39 

[0228] In a switching cast polymerization device made of stainless steel (SUS 316), lined with ethylene tetrafluoride 
resin, and having an inner volume of 300 mm x 300 mm x 50 mm, 4,000 g of monomer (6) deaerated with nitrogen was 
placed and the entrapped gas in the device was displaced with nitrogen. The device containing the monomer was 

40 immersed in a water bath kept at 30°C. Then, 0.05 mol% of ammonium persulfate and 0.02 mol% of sodium hydrogen 
sulfite were added to the device to initiate polymerization. Four hours had elapsed between the time the monomer (6) 
was prepared by the procedure described above and the time the polymerization was initiated. 
[0229] After 5 hours from the start of the polymerization, the gel polymer consequently formed was withdrawn from 
the cast polymerization device. The gel polymer was then pulverized into particles 5 mm in diameter by using a meat 

45 chopper and dried and heat-treated in the same manner as in Example 1 to obtain an absorbent resin (39). The results 
are shown in Table 4. 

Example 40 

so [0230] The procedure of Example 30 was repeated to polymerize monomer (7) instead of monomer (1 ). The gel pol- 
ymer which was formed within 30 minutes of commencing the polymerization was combined with 1 60 g (1 0 mol% based 
on the monomer) of an aqueous 25% ammonia solution and subjected to continued polymerization for 30 minutes. The 
resultant gel polymer having a ratio of neutralization of 85% (inclusive of 10 mol% of ammonium salt) was dried at 
170°C for 80 minutes with the aid of hot air and thereafter treated in the same manner as in Example 1 to obtain an 

55 absorbent resin (40). The results are shown in Table 4. 
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Example 41 

[0231] The procedure of Example 30 was repeated to polymerize a monomer formed of monomer (7) and 142 g (10 
mol% based on the monomer) of urea as an ammonia precursor instead of monomer (1). The resultant gel polymer 
5 having a ratio of neutralization of 95% (inclusive of 20 mol% of ammonium salt) was dried at 1 90° C for 60 minutes with 
the aid of hot air and thereafter treated in the same manner as in Example 30 to obtain an absorbent resin (41). The 
results are shown in Table 4. 

Example 42 

10 

[0232] An absorbent resin (42) was obtained by mixing 1 00 parts of absorbent resin (30) powder obtained in Example 
30 with 1 part of glycerol, 2 parts of water, and 2 parts of ethyl alcohol and then heat-treating the resultant mixture at 
190°C for 40 minutes. The results are shown in Table 5. 

15 Example 43 

[0233] An absorbent resin (43) was obtained by mixing 100 parts of absorbent resin (35) powder with 2 parts of pro- 
pylene glycol, 3 parts of water, and 2 parts of isopropyl alcohol and then heat-treating the resultant mixture at 150°C for 
60 minutes. The results are shown in Table 5. 

20 

Example 44 

[0234] An absorbent resin (44) was obtained by mixing 1 00 parts of absorbent resin (36) powder with 0. 1 part of eth- 
ylene glycol diglycidyl ether, 5 parts of water, and 1 part of isopropyl alcohol and then heat-treating the resultant mixture 
25 at 180°C for 30 minutes. The results are shown in Table 5. 

Example 45 

[0235] An absorbent resin (45) was obtained by mixing 1 00 parts of absorbent resin (37) powder with 0. 1 part of eth- 
30 ylene glycol diglycidyl ether, 30 parts of methanol, and 15 parts of water and then heat-treating the resultant mixture at 
180°C for one hour. The results are shown in Table 5. 

Example 46 

35 [0236] An absorbent resin (46) was obtained by mixing 100 parts of absorbent resin (38) powder with 2.5 parts of 
ethylene carbonate, 2.5 parts of water, and 2.5 parts of acetone and then heat-treating the resultant mixture at 230°C 
for one hour. The results are shown in Table 5. 

Example 47 

40 

[0237] An absorbent resin (47) was obtained by mixing 1 00 parts of absorbent resin (39) powder with 0. 1 part of eth- 
ylene glycol diglycidyl ether and 10 parts of water in the presence of 1 part of fine silicon dioxide powder (AerosiK™)) 
and then heat-treating the resultant mixture at 180°C for one hour. The results are shown in Table 5. 

45 Example 48 

[0238] An absorbent resin (48) was obtained by mixing 100 parts by weight of absorbent resin (4) powder with 1 part 
of aluminum sulfate, 1 part of glycerol, and 8 parts of water, and heat-treating the resultant mixture at 180°C for 30 min- 
utes. The results are shown in Table 2. 

50 

Control 27 

[0239] An absorbent resin (27) for comparison was obtained by repeating the procedure of Example 30, except that 
monomer (1) for comparison was used instead of monomer (1). The results are shown in Table 4. 

55 

Control 28 

[0240] An absorbent resin (28) for comparison was obtained by repeating the procedure of Control 27, except that the 



28 





EP 0 574 260 B1 



time between the completion of the preparation of monomer (1) for comparison and the introduction of the initiator was 
changed to 24 hours. The results are shown in Table 4. 



[0241 ] An absorbent resin (29) for comparison was obtained by repeating the procedure of Control 27, except that the 
temperature for drying and heat-treating the gel polymer resulting from polymerization was changed to 120°C. The 
results are shown in Table 1 . 

to Controls 30 to 33 

[0242] Absorbent resins (30) to (33) for comparison were obtained by repeating the procedure of Example 30, except 
that monomers (2) to (5) for comparison were used respectively instead of monomer (1). The results are shown in Table 
4. 



[0243] An absorbent resin (34) for comparison was obtained by repeating the procedure of Example 42, except that 
a powder of absorbent resin (27) for comparison was used instead of absorbent resin (30) powder for the purpose of 
20 cross-linking the surface region. The results are shown in Table 5. 

Controls 35 to 38 

[0244] Absorbent resins (35) to (38) for comparison were obtained by repeating the procedures of Examples 43 to 46 
25 respectively, except that powders of absorbent resins (30) to (33) for comparison were used instead of absorbent resins 
(35) to (38) for the purpose of cross-linking surface regions. The results are shown in Table 5. 
[0245] It is clearly noted from the data of Table 4 and Table 5 that an absorbent resin produced by the method accord- 
ing to this invention has only a small residual monomer content and allows neither generation nor growth of residua! 
monomer as a consequence of surface treatment or a subsequent heat treatment. Further, due to the heat treatment 
30 which is performed at an elevated temperature, the produced absorbent resin has a high absorption capacity. 

[0246] The acrylic acid salt polymers obtained from the water-soluble unsaturated monomer containing not more than 
100 ppm of p-hydroxy propionic acid in Examples contained not more than 100 ppm of p-hydroxy propionic acid, while 
the polymers obtained in Controls contained not less than 1000 ppm of p-hydroxy propionic acid. 
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Claims 

1. A method for the production of a hydrophilic resin having a low residual monomer content which comprises poly- 
merising a water-soluble unsaturated monomer containing 50 to 100 mol % of an acrylate having a ratio of neutral- 

5 isation in the range of 30 to 1 00 mol % and not more than 1 ,000 ppm of the amount of beta-hydroxy propionic acid 

and salts thereof. 

2. A method as claimed in Claim 1 , characterised in that the water-soluble unsaturated monomer contains 50 to 0 mol 
% of at least one unsaturated monomer selected from hydrophilic unsaturated monomers. 

10 

3. A method as claimed in Claim 2, characterised in that the water-soluble unsaturated monomer contains not more 
than 300 ppm of beta-hydroxy propionic acid and salts thereof. 

4. A method as claimed in any of Claims 1 to 3, characterised in that the acrylate is at least one member selected from 
is alkali metal salts and ammonium salts. 

5. A method as claimed in Claim 4, characterised in that the alkali metal salt is at least one member selected from 
sodium salts and potassium salts. 

20 6. A method as claimed in any preceding Claim, characterised in that the hydrophilic resin has a cross-linked struc- 
ture. 

7. A method as claimed in Claim 6, characterised in that the acrylate is an alkali metal salt and an ammonium salt and 
the absorbent polymer or a dry product thereof has undergone a heat treatment. 

25 

8. A method as claimed in Claim 7, characterised in that an ammonium salt accounts for 10 to 40 mol % of the acid 
group in the absorbent resin. 

9. A method as claimed in Claim 7, characterised in that the temperature of the heat treatment is in the range of 1 50°C 
30 to 250°C. 

1 0. A method as claimed in any of Claims 4 to 9, characterised in that the heat treatment is carried out when drying the 
absorbent resin. 

35 1 1 . A method as claimed in any preceding Claim, characterised by then cross-linking the surface region of the resultant 
acrylate polymer by treating the polymer with a second cross-linking agent having in its molecular unit at least one 
group which reacts with the functional group within the molecular unit of the polymer, thereby cross-linking the sur- 
face region. 

40 12. A method as claimed in Claim 11, characterised in that the second cross-linking agent is at least one member 
selected from polyhydric alcohols, polyepoxy compounds, polyglycidyl compounds, polyamines, polyaziridines, 
polyaldehydes, polyisocyanates, polyoxazolines, alkylene carbonates, and polyvalent metals. 

13. A method as claimed in any preceding Claim, characterised in that the resin produced has a residual monomer 
45 content of not more than 1 00 ppm. 

PatentansprOche 

1. Verfahren zur Herstellung eines hydrophilen Harzes mit einem geringen Restmonomergehalt, dadurch gekenn- 
50 zeichnet, daB ein wasserlOsliches ungesattigtes Monomer polymerisiert wird, das 50-1 00 mol-% eines Acrylats mit 

einer Neutralisationsrate im Bereich von 30-100 mol-% sowie nicht mehr als 1000 ppm einer Menge an Betahydro- 
xypropionsaure sowie an deren Salzen enthait 

2. Verfahren gemaB Anspruch 1 , dadurch gekennzeichnet, daB das wasserlOsliche ungesattigte Monomere 50-0 mol- 
55 % von zumindest einem ungesattigten Monomeren enthait, das aus hydrophilen ungesattigten Monomeren ausge- 

wahlt wird. 

3. Verfahren gemaB Anspruch 2, dadurch gekennzeichnet, daB das wasserlOsliche ungesattigte Monomere nicht 
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mehr als 300 ppm Betahydroxyproprionsaure sowie deren Salze enthalt. 

4. Verfahren gemaB einem Oder mehreren der Anspruche 1 bis 3, dadurch gekennzeichnet, daB das Acrylat zumin- 
dest ein Mitglied ausgewahlt aus Alkalimetalsalzen und Ammoniumsalzen ist. 

5 

5. Verfahren gemaB Anspruch 4, dadurch gekennzeichnet, daB das Alkalimetalsalz zu mind est ein Mitglied ausge- 
wahlt aus Natriumsalzen und Kaliumsatzen ist. 

6. Verfahren gemaB einem oder mehreren der vorhergehenden Anspruche, dadurch gekennzeichnet, daB das hydro- 
10 phile Harz eine vernetzte Struktur hat. 

7. Verfahren gemaB Anspruch 6, dadurch gekennzeichnet, daB das Acrylat ein Alkalimetalsalz und ein Ammonium- 
salz ist, und daB das absorbierende Polymer Oder ein getrocknetes Produkt hiervon eine Warmebeh and lung 
durchlaufen hat. 

15 

8. Verfahren gemaB Anspruch 7, dadurch gekennzeichnet, daB ein Ammoniumsalz 10 bis 40 mol-% der Sauregrup- 
pen in dem absorbierenden Harz betrrfft. 

9. Verfahren gemaB Anspruch 7, dadurch gekennzeichnet, daB die Temperatur der Warmebehandlung im Bereich 
20 von 150°C bis 250°C liegt. 

10. Verfahren gemaB einem oder mehreren der Anspruche 4 bis 9, dadurch gekennzeichnet, daB die Warmebehand- 
lung dann ausgef uhrt wird, wenn das absorbierende Harz getrocknet wird. 

25 11. Verfahren gemaB einem oder mehreren der vorhergehenden AnsprOche, dadurch gekennzeichnet, daB dann der 
Ob erf lachenbereich des erhaltenen Acrylatpolymeren vernetzt wird, indem das Polymere mit einem zweiten Ver- 
netzungsmittel behandelt wird, welches in seiner Molekuleinheit zumindeste eine Gruppe besitzt, die mit der funk- 
tionellen Gruppe in der Molekuleinheit des Polymeren reagiert, wobei der Oberf lachenbereich vernetzt wird. 

30 12. Verfahren gemaB Anspruch 1 1 , dadurch gekennzeichnet, daB das zweite Vernetzungsmittel zumindest ein Mitglied 
ausgewahlt aus der Gruppe bestehend aus mehrwertigen Alkoholen, Polyepoxyverbindungen, Polyglycidylverbin- 
dungen, Polyaminen, Polyaziridinen, Polyaldehyden, Polyisocyantaten, Polyoxazolinen, Alkylencarbonaten sowie 
mehrwertigen Metal I en ist. 

35 1 3. Verfahren gemaB einem oder mehreren der vorhergehenden Anspruche, dadurch gekennzeichnet, daB das herge- 
stellte Harz einen Restmonomergehalt von nicht mehr als 100 ppm hat. 

Revendlcations 

40 1 . Un procede pour la production d'une resin e hydrophile ayant une faible teneur en monomere residuel qui consiste 
a polymeriser un monomere insature hydrosoluble contenant 50 a 100% molaire d'un acrylate possedant un taux 
de neutralisation dans la gamme de 30 a 100% molaire et pas plus de 1000 ppm de la quantite d'acide beta 
hydroxypropionque et de ses sels. 

45 2. Procede selon la revendication 2, caracterise en ce que le monomere insature hydrosoluble contient 50 a 0% 
molaire d'au moins un monomere insature choisi parmi des monomeres insatures hydrophiles. 

3. Procede selon la revendication 2, caracterise en ce que le monomere insature hydrosoluble ne contient pas plus 
de 300 ppm d'acide beta hydroxypropionique et de ses sels. 

50 

4. Procede selon Tune des revendications 1 a 3, caracterise en ce que I'acrylate est au moins un element choisi parmi 
des sels de metaux aicalins et des sels d'ammonium. 

5. Procede selon la revendication 4, caracterise en ce que le sel de metal alcalin est au moins un element choisi 
55 parmi les sels de sodium et les sels de potassium. 

6. Procede selon Tune des revendications precedentes, caracterise en ce que la resine hydrophile possede une 
structure reticulee. 
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7. Proc6de selon la revendication 6, caracterise en ce que I'acrylate est un sel de metal alcalin et un sel d'ammonium 
et que le polymere absorbant ou son produit sec a subi un traltement thermique. 

8. Proc6de selon la revendication 7, caract6ris6 en ce que le sel d'ammonium compte pour 10a 40% molaire du 
groupe acide dans la resine absorbante. 

9. Precede selon la revendication 7, caracterise en ce que la temperature du traitement thermique se situe dans la 
plagede150°Ca250°C. 

10. Precede selon I'une des revendications 4 a 9, caracterise en ce que le traitement thermique s'effectue au moment 
du s6chage de la resine absorbante. 

11. Proc6de selon I'une quelconque des revendications pr6c6dentes, caracterise en ce qu'on reticule ensurte la zone 
superf ictelle du polymere d'acrylate resultant par traitement du polymere a I'aide d'un second agent reticulant com- 
portant dans son motif moleculaire au moins un groupe qui r6agit avec le groupe fonctionnel a I'interieur du motif 
moleculaire du polymere en r6ticulant ainsi la zone superf ici el le. 

1 2. Proc6de selon la revendication 1 1 , caracterise en ce que le second agent r6ticulant est au moins un element choisi 
parmi des polyalcools, des composes poly6poxydes, des composes polyglycidiques, des polyamines, des polyazi- 
ridines, des polyaldehydes, des polyisocyanates, des polyoxazolines, des carbonates d'alkylene et des metaux 
polyvalents. 

1 3. Proc6de selon I'une quelconque des revendications prec6dentes, caracterise en ce que la resine produite poss^de 
une teneur en monomere residuel non superieure a 100 ppm. 
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